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PULMONARY VASCULAR LESIONS IN CASES OF PULMONARY 
HYPERTENSION 


STUDIES IN PULMONARY PATHOLOGY IN PATIENTS WITH CONGENITAL CARDIAC DISEASES 


By V. ESKELUND and FR. THERKELSEN 


The increasing interest in the congenital heart 
diseases associated with elevated pressure in the 
pulmonary artery makes it desirable to attempt 
a correlation of the histological changes in the 
pulmonary arteries with the physiologic condi- 
tion in such cases. 

Studies of adults have shown that patients 
with pulmonary hypertension present arterio- 
sclerotic changes in the pulmonary artery more 
often than normal subjects. 

In childhood and especially in infancy only 
little information is available with regard to the 
vascular lesions. 

Welch & Kinney in an autopsy material 
have investigated the histological changes in the 
pulmonary arteries in 67 patients with atrial 
septal defects, ventricular septal defects and patent 
ducts. The changes were compared with the 
findings in a small number of normal controls. 

Welch & Kinney could only demonstrate 
very few differences in the two groups. How- 
ever, these results should be accepted with some 
caution, as more pronounced elevations of the 
pressure were rarely demonstrated. 

Civin & Edwards in 1951 published an 
article of microscopical examinations of normal 
pulmonary vessels from foetuses and persons up 
to the age of 73 years. They were able to demon- 
strate that the elastic arteries as early as the 6th 
month of infancy possess the characteristics of 
their adult counterparts, that is, a well-devel- 
oped internal elastic lamina. The elastic fibres of 
the media are increasingly prominent and the 
external elastic lamina increases. By one vear 


From the Institute of Pathology (Head: 1. Engelbreth- 
Holm) and Surgical Department R (Head: Fr. Therkel- 
sen), University of Copenhagen, Rigshospitalet, Copen- 
hagen, Denmark. 


the media is composed predominantly of elastic 
fibers. 

At birth the muscular arteries are characterized 
by a very narrow lumen and a thick muscular 
media. Shortly after birth they show progressive 
increase in luminal diameter as well as external 
diameter. 

The internal elastic lamina makes its appear- 
ance by the sixth month of postnatal life — but 
not before the fourth month. By two vears of age 
the muscular arteries have an internal and often 
an external elastic laminae. 

The arterioles present a progressive increase 
in formation of elastic tissue in the wall. 

Civin & Edwards suggest that the pul- 
monary arteries in certain congenital heart dis- 
eases may retain their fetal character in an at- 
tempt to maintain a high level of resistance to 
the pulmonary flow in order to diminish the load 
on the pulmonary circulation. This would also 
serve to deroute a suitable amount of blood to the 
systemic circulation. 

If the high pressure in the pulmonary artery 
persists as the child grows up, secondary intimal 
proliferations may develop. These secondary 
changes may also increase the pulmonary pres- 
sure — and a vicious circle may be started. 

Damman & Muller strongly support this 
theory, and the actual demonstration in their own 
cases of the changes mentioned above made them 
devise their palliative operation in cases of ven- 
tricular septal defects. The operation consists of 
a surgical narrowing of the pulmonary artery. If 
the narrowing is performed early enough, the 
prevention of secondary, perhaps irreversible, 
changes should be possible. 

Lung biopsies from 12 infants with ventricular 
septal defects between 3 and 25 months, operated 
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upon according to Damman-Muller’s method 
(Fr. Therkelsen, H. Baden, J. Boesen 
& J. Vesterdal) have been studie. Besides, 
lung biopsies from 9 patients with patent ducts 
and pulmonary hypertension between 9 months 
and 26 years are examined. 


In the cases of ventricular septal defects the 
pressures in both ventricles were equal — and in 
some cases of patent ducts the pressure in the 
pulmonary artery was equal to or exceeded that 
of the aorta. 


Cardiac catheterisation demonstrated in all 
cases a very large left-to-right shunt. Angiocardio- 
gram confirmed the diagnosis. 


PATIENTS WITH VENTRICULAR SEPTAL DEFECTS 


The evaluation of the vascular lesions must to 
some extent be quantitative, and the changing 
stage of contraction in the vessels imposes some 
difficulties on the determination of the medial 
thickness in the muscular arteries. A grading of 
the elastic tissue is easier, as it does not normally 
appear in the muscular arteries until after the 4th 
month (Civin & Edwards). 


case [auropsy | HistoLoGY OF THE Pa. 
ace. |arcaor | BIOPSIES AT DAMMAN-MULLERS OP 
pen MUSC. ARTERIE 
MEDIA HyP TELASTP | INTTHCK | CHR. STASIS. 

2 MTHS mm ++ +++ + + 
| + ++ + + 
mm ++ + NO + 
| ++ No No 
| | +++ No No 
sasmm | ++ wo ++ 


Table 1. 
Ventricular septal defects, operated upon according 
to Damman-Muller's method. Seven fatal cases. 


CASE HISTOLOGY OF THE PA. 
AGE (BIOPSIES AF DAMMAN — MULLERS OP )} 
MUSC. ARTERIES. 
MEDIA HYP | ELAST. T. | INT. THICK an sms 

LONE A. 
5 MTHS + ++ NO NO 
BERNH. N. NO 
5 MTHS (+ATROPHY }|_ ++ NO NO 
BIRTE R 
6 MTHS (NO BIOPSY ) 
BENTE N. 
6 MTHS NO + NO + 
+ 
7 MTHS (+ATROPHY )| ++ NO NO 

Table 2. 


Ventricular septal defects, operated upon according 
to Damman-Muller's method. Five surviving 
patients. 


PRE HISTOLOGY OF THE PA 
CHR. STASIS 
HYP VELASTT, THICK. 
9 MTHS 70/45 NO ++ NO NO 
TER EN. 
59/38 | … NO NO 
EN M 
13 MTHS NO NO 
ELEM. H 
26 MTHS NO NO + 
META M 
vRS. 96/76 * NO + 
KAJ 
140/92 +++ NO ++ 
+ 
19 _{+ATROPHY)| +++ + NQ 
RUTH 
NO NO NO 
NA 280, 
26 YRS. 122 __(+ATROPHY)| ++++ |+ +++ 
Table 3. 
9 cases of patent ductus arteriosus with pulmonary 
hypertension. 


In spite of these difficulties, it was obvious that 
a very distinct medial hypertrophy was present 
in most cases in our series of ventricular sep- 
tal defects. In some cases localized medial atrophy 
was to be seen. 

Elastic tissue was more abundant than expected 
from the patients’ age. 

Intimal proliferations — supposed to signify 
secondary changes — were seen in some cases, 
including an infant only two months old. 

A short account of the results of the histological 
examination is seen in Tables 1 & 2. The various 
histological changes are demonstrated in Figs. 
14. 


PATIENTS WITH PATENT DUCTS AND PULMONARY 
HYPERTENSION 


In only a few instances did the patent ducts 
show a considerable medial hypertrophy; in two 
cases the media showed localized atrophy. 

The predominant and consistent finding was a 
considerable increase of elastic tissue in the 
muscular arteries and also to some extent in the 
arterioli. Intimal proliferations and signs of 
chronic stasis were present in some of the cases. 

In Table 3 a survey of the histological findings 
is demonstrated. In two cases — after pressure 
measurements — we considered it too dangerous 
to close the duct (Case No. 7 and No. 9). The 
histological examination in these two cases in 
accordance showed very severe changes. 

The histological changes are demonstrated in 
Figs. 5—6. 


DISCUSSION 


According to the opinion of Damman & 
Muller, the apparent hypertrophy of the media 
in cases of ventricular septal defects may be an 
active attempt to diminish the load on the pul- 
monary circulation. 

The premature presence of elastic tissue may 
serve the same purpose, but this mechanism may 
be of a more passive nature. According to D a m- 
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Fig. 1. | 
VSD Lung biopsy from infant with VSD. (Bjarne 3 
yper of months). Hypertrophy of elastic tissue. Fibrosis of 
the elastic tissue. Fibrosis of the adventitia. ks adnentikke 


Fig. 2. Fig. 5. 
Lung biopsy from infant with VSD (Borge B, 2 Lung biopsy from infant with patent ductus arteriosus 
months). Intimal proliferation and hypertrophy of (Jórgen C., 13 months). Hypertrophy of the musc. 
the elastic tissue. media and the elastic tissue. 


Fig. 3. 

Lung biopsy from infant with VSD (Erik N.,3 months). Lung biopsy from patient with patent ductus art. 

Hypertrophy of the musc. media and elastic tissue. (Kaj P., 9 gears). Hypertrophy of musc. media and 
Fibrosis of the adventitia. fibrosis of the adventitia. 
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man & Muller’s opinion, their operation — 
which consists of a surgical narrowing of the p. a. 
— should be performed early enough. Thus 
prevention of secondary, perhaps irreversible, 
changes should be possible. 

In some patent ducts the pressure is higher in 
the pulmonary artery than in the aorta (Jytte H.). 
This could be the result of a vicious circle, in 
which secondary vascular changes including fi- 
brosis further increase the pulmonary hyperten- 
sion. 

Of course, until now all these considerations 
are mainly theoretical. Further investigations, 
especially concerning the normal histology of the 
pulmonary arteries in the different age groups, 
have to be done. 

The study of the histological picture in the 
pulmonary arteries already seems to throw some 
light upon the problems concerning the diseases 
associated with high pressure in the pulmonary 
artery. 

SUMMARY 

Vascular lesions in lung biopsies from 12 in- 

fants with ventricular septal defects and 9 


patients with patent ducts associated with pul- 
monary hypertension are studied. 


The predominant and consistent finding was a 
considerable increase of elastic tissue in the 
muscular arteries. Intimal proliferations were 
seen in some cases — even in an infant with 
ventricular septal defect two months old. A dis- 
tinct medial hypertrophy was demonstrated espe- 
cially in the infants with ventricular septal de- 
fects. 


Some of the problems concerning the vascular 
lesions are discussed. 
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A HEART-LUNG MACHINE WITH A DISPOSABLE POLYETHYLENE 
OXYGENATOR SYSTEM 


By 1. H. RYGG, H. C. ENGELL and E. KYVSGAARD 


The principle of arterializing blood by oxygen 
bubbles was introduced by Schroeder (1) 
in 1882 for physiological experiments. The meth- 
od first became practical for use in a heart- 
lung machine with the introduction of methyl- 
polysiloxane for the control of foaming by 
Clark, Gollan & Gupta in 1950 (2). Follow- 
ing the construction of a simple bubble-oxygena- 
tor made of polyvinylchloride tubes by De Wall 
et al. (3), introduced clinically by Lillehei 
et al. (4) the principle has been applied very 
successfully in several places. 

Our experimental work with the Lillehei- 
De Walls oxygenator has led to the devel- 
opment of a disposable oxygenator system made 
of polyethylene (Polystan ®), a chemically pure 
and biologically non-reactive substance. The 
object was to design a system, inexpensive and 
completely disposable, constructed of a material 


From Surgical Department R. (Head: Professor Fr. 
Therkelsen), and Surgical Department D. (Head: 
Professor E. Husfeldt), Rigshospitalet, University of 
Copenhagen, Denmark, and Polystan Department 
(Head: E. Kyvsgaard), Ferrosan Ltd, Copenhagen, 
Denmark. 


which does not require siliconising, to be delive- 
red sterile and ready for use from the factory. In 
this system a venous collecting chamber, the 
oxygenator and the arterial reservoir should be 
combined in one single unit, thus avoiding cum- 
bersome sterilising and assembling of the dif- 
ferent parts by connections which always means 
a hazard to sterility and increased haemolysis. 


The oxrygenator. 

A sterile unit was made of translucent poly- 
ethylene film about 0.09 mm thick, in the shape 
of a closed, rectangular bag, the two layers of 
which were heat-sealed in a pattern, providing 
separate sections for a venous collecting chamber, 
a bubble oxygenator, a defoaming chamber, a 
bubbletrap, a horizontal segment for the removal 
of the smallest oxygen bubles, which might man- 
age to escape the bubble trap, and an arterial 
reservoir. (Fig. 1). 

The bag, which is delivered complete with 
filters and which has outlets for connections to 
the arterial and venous catheters, is suspended 
in a sealed plexiglass case, in which the tempera- 
ture of the humified oxygen atmosphere is con- 
trolled thermostatically. (Fig. 2). 
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Diagram of the oxygenator system with the capacity 
of an oxrygenator column with 3 and 4* cm diameter. 


The pump and the bag suspended in a pleriglass 
case with a thermostat. 


The present pattern of the bag has been selec- 
ted after several other designs were investigated 
experimentally. The previous designs included 
some with S-curved slopes and others with a 
stirwav (5) instead of the horizontal segment 
now used. 


The pump. 

The silicone rubber tubes conducting the ve- 
nous blood to the oxygenator and leading the 
arterialized blood back to the perfused individ- 
ual pass uninterrupted and parallel through an 
excentric roller pump, thus securing an equal 
inflow and output of the system. Two additional 
tubes for aspirating the cardiac venous blood are 
placed in the same pump. The outer ecvlinder of 
the pump is rubber padded to prevent too great 
compression of the tubes. With a tube diameter 
of 8 mm and 150 revolutions per minute the flow 
rate is 2,1 liters per minute. 


The blood circuit. 


Prior to perfusion the apparatus is filled with 
heparinised blood. The blood from the caval 
veins is withdrawn by a syphon with a differen- 
ce in levels of about 60 cm between the veins and 
the venous reservoir. The aspirated cardiac 
venous blood passes to the same reservoir from 
whence the blood is pumped into the oxygenator. 
98 per cent oxygen and 2 per cent carbon dioxide 
are introduced through a filter with 0.3 mm pores 
at a flow of 3.5 liters per liter of blood flow. 

As a defoaming agent, a polyethylene sponge 
coated with Dow Corning antifoam A is placed 
at the top of the oxygenator reaching down in 
the descending limb of the bubble trap, where 
it acts as a filter. 

With changes in the rate of blood flow there 
is a slight variation in the amount of blood in 
the oxygenator defoaming chamber and bubble 
trap. As equal inflow and output of the system 
is secured, compensation is made for these 
variations by minor fluctuations of the blood 
level in the arterial reservoir. 

The flow rate is determined by the venous 
response, manual adjustment of the pump being 
used to maintain a constant level in the venous 
reservoir. 


TESTING OF THE APPARATUS 

Safety measures against oxygen emboli. The 
problem of air embolism inherent with all bubble 
oxygenators has been reduced in this system to 
a question of oxygen-embolism, the blood being 
in contact only with a nitrogen free oxygen 
atmosphere. 

We have found that an oxygen filter with 0.3 
mm pores and an oxygen saturation of 95—98 
per cent gives no demonstrable free oxygen in 
the arterialized blood in this system. With regard 
to this, three important points should be men- 
tioned. 1) The blood should be filtered by pas- 
sage through the polyethylene sponge in the 
descending limb of the bubble trap. 2) After pass- 
ing through the oxygenator column the blood 
should flow in a relatively slow stream without 
turbulence through all the sections in which it 
comes in contact with the atmosphere above, 
in order to facilitaze liberation of minor oxygen 
bubbles and to prevent new air bubbles from 
being drawn into the blood. 3) For the same 
reason there should be no free fall of the blood 
in the system. 

The following methods have been used to 
demonstrate the absence of free oxygen in the 
arterialized blood: blood has been recirculated 
through the svstem with a 7 liter bottle inter- 
posed as an airtrap in the arterial line, and 
samples of arterialized blood have been obtained 
in capillar tubes for miecroscopic examination. 
No free oxygen kas been demonstrated by these 
methods. 
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Haemolysis. 

Considerable haemolysis has been reported in 
several earlier bubble oxygenators, but the meth- 
od per se need not be traumatic. 

It is important to use a non-wetable material 
such as polyethylene. Undoubtedly a flexible 
system holds advantages over the rigid systems. 
Furthermore, it is important to break the foam 
effectively at the top of the oxygenator column, 
and no free fall of the blood should be allowed. 
In addition, fairly large tubes should be used in 
order to minimize turbulence. 

One and a half liters of freshly drawn citrated 
human biood has been recirculated 100 times 
through the apparatus at flows up to 4 liters per 
minute. The haemolysis at the end of the experi- 
ments varied between 20 and 70 mg per 100 ml 
of plasma, the greatest amount of haemolysis 
occurring with the highest blood flows. 


Table 1. 
Results of recirculation with one liter of human 
citrated blood 100 times through the machine at 
a flow rate of 1.5 l/minute, using carbogen for 


oxygenation. 
Haemolysis 
mg/100 ml 
plasma 
0 2720 0.29 
After 100 passages 22 2640 0.29 


Table 1 shows the amount of haemolysis, white 
blood cell count and fibrinogen analysis before 
and after one liter of human citrated blood had 
been recirculated at a flow of 1.5 liter per minute 
one hundred times. 


Oxrygenating capacity. 

The oxygenating capacity has been tested in 
vitro by one passage of venous blood through 
the system. 


In the model which we use in animal experi- 
ments, the capacity is limited to 1500 ml per 
minute with a total extracorporeal blood volume 
of about 1200 ml. It can easily be altered by in- 
creasing the diameter of the oxygenating columns. 


Table 2. 
Results of eight dog perfusions of 30—43 minutes’ 
duration (mean values). 


65 ml pr. kg 
Venous Oz-saturation 57 % (33 — 68) 
Arterial Oz-saturation 96 % (93 — 99) 
Arterial CO»-pressure 25.5 mm Hg. 


Free haemoglobin 42 mg/100 ml plasma gtermiaal 


\values 


Perfusion experiments. 

Table 2 shows the results of eight experimental 
perfusions of dogs weighing from 10 to 18 kilo- 
grams. During the perfusions, cardiac venous 
blood was aspirated from the opened right ven- 
tricle and returned to the venous reservoir. 


The present design is not to be considered as 
final. Work is still in progress to improve the sy- 
stem further. 
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ASBESTOSIS WITH PLEURAL CALCIFICATION AMONG 
INSULATION WORKERS 


By J. FROST, J. GEORG and P. FLEMMING MOLLER 


Pulmonary disease due to the inhalation of 
asbestos dust has been known for the last fifty 
vears. The first case was described by Murray 
(1906). In Scandinavia, cases were reported from 
Norway and Finland by Wolff (1940), 
Schrumpf (1941), Wegelius (1946) and 
Noro (1946). 


From the Clinic for Occupational Diseases (Chief: J. 
Frost) and the Radiological Department (Former 
Chief: Professor P. Flemming Moller), Rigshospitalet, 
University of Copenhagen, Denmark. 


In Denmark, asbestos does not occur in the 
natural state, and comparatively few people are 
engaged in the processing of imported asbestos. 
Ive (1950) reported one case of asbestosis, and 
Frost (1950) three cases. These cases occurred 
in factories making insulation products, brake 
linings, and flooring material; the last case was 
a lagger in a shipyard. 


The discovery of these cases led to closer super- 
vision of factories of this kind. Lagging work, etc, 
is usually undertaken by small firms. In Copen- 
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hagen, employees of such firms have their own 
union, so it was found most convenient to carry 
out examinations through the Union. As there 
were no statistics about occupational hazards in 
this trade, the Union was interested in having its 
members examined. 

After consultation with the Union officials, we 
began examinations in 1953 by selecting workers 
who had been in the trade for twenty years or 
more. The Copenhagen Union of Insulation Wor- 
kers had about a hundred members during the 
thirties. These men often change from one firm 
to another and are employed on all kinds of in- 
sulation work. Before 1930 or so, lagging material 
chiefly consisted of kieselguhr and magnesia, 
mostly mixed with asbestos, or of asbestos ropes, 
or, in the case of boilers, mattresses filled with 
asbestos flock. 

Since about 1935 the use of rock-wool and glass- 
wool has gradually come to the fore in the in- 
sulation of hot-water pipes, etc. A special process 
for the insulation of ships’ walls, i.e. spraving 
with powdered asbestos, has been used to a cer- 
tain extent. 

The Union urged all the workers who had been 
in the trade for more than twenty years to sub- 
mit themselves for examination: 31 attended; 3 
did not. The occupational history was recorded, 
and a detailed clinical examination was carried 
out with X-ray of the chest (frontal, lateral and 
oblique positions). 

The average age of the subjects was 52 vears, 
ranging from 41 to 70; the period of exposure 
averaged 27 vears, ranging from 20 to 45 vears. 
Six of them complained of shortness of breath, 
which they considered abnormal for their age. 
All of them were working full time. 


RESULTS 

Roentgenographic examinations revealed ab- 
normalities in 22 cases. 9 cases showed definite 
signs of pulmonary asbestosis, varying in degree 
— usually a fine mottling or nodulation. In no 
less than 19 cases abnormalities of the pleura 
were found. These changes ranged from obliter- 
ated sinuses and pleural adhesions to extensive 
thickening of the pleura with calcification. 

The pleural abnormalities were bilateral in 12 
cases; unilateral in 7. Calcification of the pleura 
was bilateral in 8 cases; unilateral in 3. 

Parenchymatous lesions of the lungs alone were 
found in 3 cases, and in 6 cases combined with 
pleural lesions, 3 of which were calcifications. 

In a few cases the abnormalities of the pleura 
were so widespread that no definite diagnosis 
could be made regarding the conditions of the 
lungs. 


COMMENTS 
It was a surprise to find 22 subjects with ab- 
normalities of the chest out of a total of 31 
examined. Only one of these stated that he had 


suffered from any lung disease, i.e, pleurisy with 
effusion 18 years previously. 

While it is generally observed that asbestosis 
of the lungs is accompanied by pleural thickening 
and adhesions, we have only been able to find one 
reference to pleural calcification in this connec- 
tion. (Jacob & Bohlig, 1955). 

Calcification of the pleura is a rather rare 
finding in radiological examinations of the chest. 
The incidence among unselected cases is esti- 
mated by Patch & Perry (1952) to be less 
than 0.2 per cent. Floyd & Hepburn (1939) 
found 28 in 15,000 examinations, and Kristian- 
sen (1944) 15 in 10,000. In selected groups, con- 


Fig. 1. 
Insulation worker, age 70 gears, exposure 45 years. 
Bilateral pleural calcification. 


Fig. 2. 
Insulation worker, age 57 gears, exposure 38 years. 
Extensive pleural calcification over lower two-thirds 
of the lungs. 
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taining many ex-servicemen, Ulrich (1930) 
found 16 out of 5,700 (etiology: bullet wounds, 5 
cases; pleurisy, 5 cases; tuberculosis, 1 case; 
pneumonia, 1 case; unknown, 4 cases), and Be h- 
rendt (1930) found 12 out of 966 subjects (etio- 
logy: bullet wounds, 5 cases; tuberculosis, 7 
cases). Head (1934) considers tuberculous pleu- 
ritis and hemothorax the only causes definitely 
known to produce calcification of the pleura. 

Patch & Perry point out that calcification 
is usually unilateral, but bilateral in the so-called 
idiopathic cases (approximately 20 per cent of 
all cases). 

A special investigation of workers exposed to 
dust was carried out by Smith (1952). She 
found 35 cases of pleural calcification out of 
8,779 subjects examined. Only four groups showed 
a definitely higher incidence of calcification than 
that among the average population, viz., workers 
exposed to the dust in making bakelite insulators, 
(1.5 per cent), calcimine (1.7 per cent), mica 
(1.6 per cent) and tremolite tale (6.3 per cent). 
Tremolite tale is a calcium magnesium silicate, 
which structurally resembles asbestos. It is known 
to cause pneumoconiosis. Calcimine is composed 
of whiting, clay, talc, silica, mica and asbestos. 
Four cases of pneumoconiosis were found in this 
group. Mica is a complex silicate of potassium, 
aluminium, magnesium, calcium and fluorine. 
Bakelite was mixed with tale and mica. No case 
of pneumoconiosis was found among the workers 
exposed to mica or bakelite. No pleural calcifi- 
cation was found among 261 asbestos workers. 
Smith suggests that it is the combined exposure 
to calcium and magnesium, together with a dust 
producing pleural irritation, which provokes the 
calcifications. 

None of the workers examined by us have been 
working with asbestos alone; all of them have 
been exposed to kieselguhr, magnesium, rockwool 
and glass-wool too. The last three substances do 
not cause pneumoconiosis. Exposure to kiesel- 
guhr is known to involve a risk, as several cases 
of pneumoconiosis seemingly caused by this 
substance have been reported. According to 
Luton, Champeix, Ravet & Vallaud 
(1956) it is primarily a question of the alpha- 
quartz content. Exposure to the amorphous form 
of kieselguhr involves considerably less risk than 
does exposure to the flux-calcinated substance, 
nearly all of the silica of which may be in the 
form of alpha-quartz. The kieselguhr used in this 
country is not known to be flux-calcinated, and 
sample-analysis has not revealed the presence 
of alpha-quartz. 

In our cases the workers have been exposed to 
asbestos, which is known to produce pneumoco- 
niosis with pleural affection, and to kieselguhr, 
magnesia, rock-wool and glass-wool. Our findings 


thus give some support to Smith's contention 
that the incidence of pleural calcification may be 
connected with exposure to mixed dust; but it 
should be emphasized that our subjects have not 
been exposed to calcium. 

While smaller pleural thickenings and ad- 
hesions are a rather common finding in chest 
X-rays of persons not known to have had anv 
lung disease previously or to have been exposed 
to dust at their jobs, the findings of pronounced 
bilateral pleural changes in the present series 
definitely point towards an occupational origin. 
The diagnosis of asbestosis may be made with 
confidence when these pleural changes are found 
together with parenchymatous lesions of the 
lungs. The occurrence of similar pleural changes 
without any definite changes of the lung proper 
may also, with reasonable certainty, be accepted 
as evidence of asbestosis in subjects known to 
have worked with insulating material of the sort 
used by the workers examined here. 


SUMMARY 


31 workers engaged for 20 years or more in 
different kinds of insulation works were ex- 
amined for occupational lung disease. They had 
been exposed to dust containing asbestos, kiesel- 
guhr, magnesia, glass-wool and rock-wool. 9 were 
found to have definite signs of pulmonary as- 
bestosis. 19 showed abnormalities of the pleura, 
12 of these being bilateral. In 11 cases calcifica- 
tion of the pleura was found, being bilateral in 8 
of them. 
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BENZPYRENE AND OTHER POLYCYCLIC HYDROCARBONS 


IN THE AIR OF 
By 


COPENHAGEN 


JOHN M. CAMPBELL and JOHANNES CLEMMESEN 


Since the smoke from cigarettes contacts the 
bronchial mucosa in higher concentrations than 
any other air pollutant, it is only natural that 
most recent research into the causation of bron- 
chial carcinoma has been concerned with this 
agent. Cooper and Lindsey (1955) and 
Seelkopf (1955) have even demonstrated a 
carcinogenic hydrocarbon in cigarette smoke, but 
this fact can have no bearing upon bronchial 
carcinoma among non-smokers, quite apart from 
the natural question, raised particularly by 
Stoecks(1952), as whether the effect of cigarette 
smoke may not be strengthened through atmos- 
pheric pollution. Now benzpyrene is known to be 
a constituent of town smoke according to Wa l- 
ler (1952) and Cooper (1954), and recently 
Stoeksand Campbell (1955) have published 
figures for the concentration of this and other 
similar compounds in a number of towns in 
England and Wales, together with lung cancer 
death rates. The present communication describes 
a similar investigation carried out recently in 
Copenhagen, and it is intended to evaluate the 
result on the background of further information 
on bronchial carcinoma in this city. 

The first analysis of atmospheric pollution in 
Copenhagen was undertaken from 1880 to 1885 
when C. F. A. Tuxen determined the quantities 
of ammonia and nitrate in collected rainfall. A n- 
dreasen and Gravesen (1949) later deter- 
mined values for SO4, Cl, NO3 and pH in col- 
lected samples of rainfall and dust, comparing 
their results with those from other countries, 
notably England. However, this study was made 
from December 1944 to November 1945 during a 
period of extraordinary shortage of coal and coke. 
Before World War II the annual fuel consumption 
for Greater Copenhagen was estimated at about 
2.1 million tons of coal and coke, while the 
authors for the vears 1944 to 1946 assume an 
annual consumption of about 0.7 million tons, 
with a supplementary amount of approximately 
2 million tons of lignite and other fuel. Thus, 
Andreasen and Gravesen’s article is not 
fit for wider conclusions, but its information on 
climatic and other geographical details may be 
consulted with advantage. 

More recently Teglbjsrg has carried out 
measurements upon the suspended impurity by 
From the Dept. of Pathology, St. Bartholomew’s Hospi- 
tal, London, England, and Cancerregisteret, Copen- 
hagen, Denmark. 


drawing air through a filter paper and measuring 
the darkness of stain produced (unpublished). 


EXPERIMENTAL TECHNIQUE 

Sampling stations were set up at the following 
places: 

1. The Central Tuberculosis Station, Ingerslevs- 
gade, situated close to the Central Railway Sta- 
tion. Only local trains are electric, and apart from 
some diesel trains, most trains are still steam 
trains. 

2. Arbejds- og Fabriktilsynet, the University In- 
stitute of Hygiene, Blegdamsvej. This building is 
situated at the southern border of the Feelledpark, 
close to the University clinic, and close to a 
densely populated but rather narrow zone of 
workmen’s districts. The distance to the harbour 
to the east is between 1 and 2 km. 

3. The Frederiksberg Hospital, in the western 
borough of Frederiksberg, is located about one 
hundred metres north of the Municipal Combus- 
tion Centre and Gas Works, but surrounded on 
other sides by mainly residential quarters of 
varving economical level. 

4. The Copenhagen County Hospital in the 
northern borough of Gentofte is situated in a 
wealthy residential area. 

(For further information on economical con- 
ditions in various districts of Copenhagen readers 
are referred to Clemmesen and Nielsen 
(1951)). 

Sampling equipment, bought in England by the 
Danish Anti-Cancer League, was mounted in the 
locations mentioned, and sampling carried out 
continuously between October 1954 and October 
1955. The running of the stations was supervised 
by the University Institute of Hygiene. 

At each station, air was drawn through a What- 
man No. 1 filter paper, in a special half-inch 
holder, at the rate of about 50 cubic feet (1.41 
cubic metres) per day. The papers were changed 
daily and the volume of air drawn through each 
was read from a gas meter, connected to the 
pump. The weight of smoke on each stain, of 
half-inch diameter, was estimated photometrically 
by measuring its shade value with a calibrated 
reflectometer and converting this value to the 
weight of impurity by multiplying bv a pre- 
determined factor. This work was carried out 
at the Fuel Research Station, East Greenwich, 
and the method is more fully described in “Atmo- 
spherice Pollution in Leicester” (H.M.S.O. 1945). 
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2. Pyrene 
3. Fluoranthene 
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Figs. 1—6 & 7—10. 


Values for hydrocarbons in the air at the four stations 
— and as average result of these — plotted using the 


following key; 
4. 3:4 Benzpyrene 
5. 1:12 Benzperylene 
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The papers were grouped together, thirteen 
weeks at a time, for each station, the stained 
areas cut out, and then extracted with acetone in 
a Soxhlet apparatus. The acetone was boiled away 
gently and the tarry residue taken up in cyclo- 
hexane. This solution was chromatographed on 
alumina, the progress of the polyeycelie hydro- 
carbons being followed down the column by 
their fluorescence in ultra-violet light. The hydro- 
carbons were identified and estimated in the 
eluates by absorption spectrophotometry using a 
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Fig. 9. 
COPENHAGEN 
(average) 
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_8 
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Unicam S. P. 500 spectrophotometer, as described 
by Cooper (1954). The estimated weights of 
hydrocarbons present were calculated from the 
spectrographic readings and expressed (a) as 
micrograms per hundred cubic metres of air (as 
read from the gas meter) and (b) as parts per 
million of the stain on the filter papers (as 
measured with the reflectometer). Five com- 
pounds have been determined regularly: Anthra- 
cene,‚ Pyrene, Fluoranthene, 3:4 Benzpyrene and 
1:12 Benzperylene. and the results for these com- 
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Figs. 11—13. 
Values for the smoke and benzpyrene, obtained by 
averaging the results from the four stations, compared 
with similar values for towns in England: 


Birkenhead — a large industrial town. 
Hovlake — a small town. 
Tattenhall — a country district. 


pounds are presented as graphs, plotted against 
time of vear. In addition, Anthanthrene and 
Phenanthrene were identified in some of the 
larger samples, but their conventration was usu- 
ally too low to measure. Similar results for some 
English towns are quoted for comparison. 


RESULTS 

In general, the values for the smoke content in 
micrograms per cubic metre at all four stations 
show a maximum in winter and a minimum in 
summer. The values for the hydrocarbons present 
(micrograms per hundred cubic metres) follow 
these figures closely, and have maxima and 
minima at the same times. The Central Tubercu- 
losis Station showed the highest concentration of 
both smoke and hydrocarbons at all times, and 
the County Hospital the least, whilst the values 
for the two remaining stations for hydrocarbons 
and smoke were almost the same and were bet- 
ween the two extremes. These results are what 
one might reasonably expect from the general 
character of the districts and show the same 
gradation as did the values of Andreasen 


and Gravesen’s values for deposited matter 
(1949). 


BIRKENHEAD 


3:4 BENZPYRENE 
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COPENHAGEN 
(average) 
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Fig. 12. 


On the other hand, the figures for the compo- 
sition of the smoke (measured in parts per million 
of stain) seem to be fairly constant for each 
station and at each, the smoke contains relatively 
more hydrocarbons in winter than in summer. 

All these findings are in agreement with the 
results obtained for the English towns. If one 
compares the average values for the four stations 
(headed “Copenhagen”) with the English towns, 
Copenhagen appears to have pollution, by smoke 
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Table 2. 
400) 34 BENZPYRENE The University Institute of Hygiene. 
COPENHAGEN p.p. m. 
1954 1955 
Oct.- Jan.- April-  July- 
Dec. ‘ March, June | Sept. 
88 | 138 54 
Finsranthene 124 131 66 74 
8:4 Benzpyrene.......... 280 310 156 188 
8 1:12 Benzperylene ....... 340 147 115 135 
8 200 
ug/100 m? 
TATTENHALL Anthracene. . 0.09 - 0.04 
Fluoranthene 0.38 0.72 0.33 ‚0.27 
100) 3:4 0.85 1.69 | 0.78 0.70 
1:12 Benzperylene. 1.04 0.81 0.58 0.50 
Smoke mg/m® … 0.032, 0.058 0.053, 0 039 
Table 3. 
OCT. NOV. DECJAN FEB. MARAPRMAY.JUN.JUL AUG.SEP. Frederiksberg Hospital (Path. Dept). 
1954 1955 p.p. m. 
Fig. 13. 
1954 1955 
Oct.- Jan.- April- Julv- 
and hydrocarbons, on a level equal to that of an Des. | Mash wen Sept. 
English country town, and in particular has a 
very low concentration of the carcinogen 3:4 
benzpyrene. Fluoranthene 182 169 96 154 
As it will appear from Fig. 14, the order of 253 
magnitude of mortality from bronchial carcinoma has 
ug/100 m3 
Tables 15. 0.30 0.46 0.02 0.04 
Results for hydrocarbons determined in the air at Pyreneeen 0.51 089 0.23 0.29 
each of the four stations and as average result of these, _Fluoranthene 063 097 037 | 0.59 
erpressed as parts per million of deposit ( m.) and Benzpyrene, 145 | 145 [637 
micrograms per hundred cubic metres of air hi 
(ug/100 m*). Smoke mg/m* 0.036 0.060 0.041 0.043 
Table 1. Table 4. 
The Central Tuberculosis Station. Copenhagen County Hospital, Gentofte (Path. Dept). 
m. p.p.m. 
1954 1955 1951 1955 
| Oct | Jan.- April- July-  Jan-  April-  July- 
Dec. March June Sept. Dec. March June Sept. 
Anthrassns. | 33 | 3 Anthracene. 76 - 7 6 
96 | 74 45 | 39 99 150 69 64 
Fluoranthene ............ | 125 94 53 | 52 Fluoranthene ............ 174 174 108 94 
3:4 Benzpyrene 524 216 91 | 64 3:4 Benzpyrene.......... 253 352 200 104 
1:12 Benzperylene 486 | 301 150 25 1:12 Benzperylene 79 156 143 69 
ug/100 m3 ug/100 
Anthracene. 0.19 | - | 0.02 0.22 - ‚0.02 
‚0.55 ‚0.67 | 0.38 0.36 0.13 0.46 | 0.19 0.19 
Fluoranthene ..........…. 0.72 ‘0.85 | 0.45 | 0.48 Fluoranthene .…….......... 0.24 0.54 0.30 0.28 
3:4 Benzpyrene.......... 3.00 1.95 0.77 0.59 3:4 Benzpyrene.......... 0.34 «1.08 | 0.57 0.30 
1:12 Benzperylene .…...... 2.76 | 2.71 | 1.23 | 0.22 1:12 Benzperylene ....... ‚0. 0.48 0.40 0.20 
Smoke mg/m3 0.059: 0093 0.090 0.094 Smoke mg/m? 0.018 0.033 0.029 0.031 
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Table 5. 
Average results. 
p.p. m. 
| 1954 | 1955 
| Oct.- | Jan.- | April- | July- 
‚ Dec. | March | June | Sept. 
| 56 | 79 | 5 | 5 
Tp | 107 | 129 | 54 | 58 
Fluoranthene … | 151 142 81 98 
3:4 Benzpyrene.......... | 368 283 | 136 116 
1:12 Benzperylene .…..... | 272 | 189 | 125 | 94 
ug/100 m$ 
Anthracene. … | 0.20 | 046 |002 | 0.02 
| 0.36 | 0.69 | 025 0.26 
Fluoranthene [049 | 077 | 0.36 | 0.41 
3:4 Benzpyrene.. … ….. | 141 (154 | 0.62 | 0.54 
1:12 Benzperylene. .…….….…. ‚113 | 122 | 0.64 | 0.87 
Smoke mg/m3 | 0.036 | 0.062 | 0053 | 0.052 


for various age groups of men in Copenhagen, 
indicated by a horizontal line, will also corre- 
spond to the level for English rural towns except 
for the small group aged over 75 for which a 
better access to refined diagnostic facilities in 
the larger city of Copenhagen may contribute to 
higher figures. 

In spite of this correspondence between Copen- 
hagen and English rural towns with regard to 
both air pollution and bronchial carcinoma, this 
will not allow much of a conclusion as to causes. 
Fig. 15 shows the mortality from lung cancer 


LUNG AND BRONCHUS (162-163) MORTALITY 
AT VARIOUS AGES. CANCER. 4 


ENGLAND -WALES. 1951. 
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REN: 
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LUNG CANCER IN VARIOUS COUNTRIES. 
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CRUDE MORTALITY RATES PER 100000 MEN, CA 1950, 


ANNUAL CONSUMPTION PER INHABITANT, C A 1930 
Fig. 15. 
GB: England-Wales, SF: Finland, NL: The Nether- 
lands, CH: Switzerlnad, DK: Denmark, CA: Canada, 
S: Sweden, N: Norway. 


about 1950 among men from various countries 
plotted against cigarette consumption twenty 
years earlier. It appears that there is a close 
correlation of the two values, and as shown by 
Clemmesen and Nielsen (1955) this cor- 
relation is less close, if figures for total tobacco 
consumption are used or if consumption of ciga- 
rettes are given for the same years as the mortality 
of the lung cancer. 

It may therefore be finally concluded that the 
present paper does not allow us to exclude either 
cigarette consumption or atmospheric pollution 
as factors contributing to an enhanced incidence 
of lung cancer. The reasons given by Clem m e- 
sen (1954, 1955) why the age distribution of the 
disease excludes atmospheric pollution as a major 
factor in determining the incidence of lung cancer 
in Copenhagen still stand. But even if the increase 
in this city has developed in the practical absense 
of air pollution, it has not vet reached the level 
for heavily polluted towns, so that the possibility 
remains that such pollution may under specific 
circumstances contribute to a higher incidence of 
lung cancer developed mainly on the basis of the 
smoking of cigarettes. 


The authors wish to thank Dr. E. T. Wilkins of 
the Fuel Research Station and Professor Sir Ernest 
Kennaway for their help and advice; J. M. C. wishes 
to acknowledge a grant from the Medical Research 
Council. 
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LEUCOCYTE AGGLUTININ RESULTING FROM TRANSFUSIONS IN 
A CASE OF CHRONIC MYELOGENOUS LEUKEMIA 


by SVEN-ÂGE KILLMANN 


The demonstration of leucocyte-agglutinins by 
Moeschlin (11) and Dausset (3) and their 
co-workers has till now created more problems 
than it has solved. From a clinical point of view, 
the main problem to-day is the evaluation of 
a positive leucocyte-iso-agglutination test in a 
patient with a chronic granuloecytopenia or pancy- 
topenia who received several transfusions. Unfor- 
tunately, this is the type of patient most frequent- 
ly met with. Dausset (2), who has had wide 
experience in leucocyte-agglutinins, has stated that 
95 per cent of his patients with a positive leuco- 
cyte-agglutination test had been transfused prior to 
performance of the test. 70 per cent had a granulo- 
cytopenia, isolated or associated with anemia and/ 
or thrombocytopenia. 

The high percentage of transfusions in patients 
with a positive agglutination test is in agreement 
with the author's experience: 23 out of 25 patients 
with a positive leucocyte-agglutination test had 
previously been transfused. This makes it most 
likely that transfusions play an important rôle for 
the occurrence of leucocyte-agglutinins. Recently 
we had the opportunity to observe the develop- 
ment of a leucocyte-agglutinin in a patient in the 
course of a series of tranfusions. This seems to 
be a direct proof that leucocyte-agglutinins may be 
induced by transfusions. Furthermore, evidence is 
given for the assumption that the development of 
this agglutinin was due to specific leucocyte-anti- 
gens rather than to antigens common to erythro- 
cytes and leucocytes. 


Case history. 


Record No. 5096/55. Woman, 39 vears. She had been 
in good health until the actual disease. She had 3 
normal births 15, 8 and 6 vears ago. No abortions. 
There were no signs of erythroblastosis in any of the 
children. In 1952 she developed splenomegaly, anemia 
and leucocytosis. The blood smear, sternal marrow 
and splenic aspiration showed typical chronic mye- 
logenous leukemia. She was treated with irradiation 
of the spleen and later on with myleran with good 


From the Medical Department A, Rigshospitalet, 
University of Copenhagen. 
Chief: Professor K. Brgchner-Mortensen. 


effect. May 24th, 1955, she was readmitted with 
relapsing fever, huge splenomegaly and severe anemia 
(50 per cent hgb.). Until now the patient had received 
only 1 transfusion (May 1954). Treatment was started 
with corticotropin, myleran, and transfusions. How- 
ever, the patient did not respond to transfusions. 
The direct antiglobulin test was negative, and there 
was no bleeding. So it was assumed that hyper-hae- 
molysis took place in the spleen, and she was splen- 
ectomized June 16th. After operation response to 
transfusions was good. From May 26th to July 14th 
she received 13 transfusions without side-effects apart 
from a slight, localized urticaria on one occasion. 
The WBC during this period fluctuated about 100,000, 
the differential count being dominated by neutrophil 
myelocvtes. Her red cell type was A Rh. pos. Electro- 
phoresis of serum proteins (Antweiler method): June 
7, 1955: 5.4 per cent Albumin + a: 65.2 per cent 
ya: 14.1 per cent fB: 110: y: 9.7 per cent. August 1. 
1955: 5.9 per cent. Albumin + a: 63.8 per cent 
az: 19.6 per cent 8: 5.8 per cent y: 10.8 per cent. 


Serological eraminations. 


For demonstrating leucocyte-agglutinins the 
technique of Dausset (4) was used with some 
modifications. A sterile technique was emploved 
throughout as indicated by R. Goudsmit & 
J.J. v.Loghem (6). For the differential sedimen- 
tation of erythrocytes and testleucocytes one 1/5 
volume of 6 per cent dextran (“Macrodex”) was 
added to the defibrinated blood instead of subto- 
san. Finally, all tests were made in undiluted se- 
rum and in small series of saline dilutions (end- 
point of dilution 16—32), as it is our experience 
that leucocyte-agglutination may be absent in an 
undiluted serum, but may be convincingly present 
when the serum is diluted 1:2 or 1:4. Blood was 
drawn for examination on leucocyte-agglutinins on 
May 26th and July 26th. The sera were stored at 
-—20°C. In May the agglutination test was negative 
with leucocytes from different donors, but in July 
some positive tests were recorded. It was thought 
that this was probably due to the development of 
isoantibodies, but it remained an open question, 
however, whether these were directed against an 
antigen common to red and white cells or against 
a pure white cell antigen. So the pre- and post- 
transfusion-sera were tested simultaneously with 
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Table 1. 
Table 1 shows the results of leucocyte-agglutination tests carried out simultaneously with serum drawn 
from a patient with chronic myelogenous leukemia before and after 13 transfusions. The test-leucocytes 
were supplied by red cell panel donors, whose red cell antigenic pattern is tabulated in the left hand 
column. 


Red cell type of leucocyte donors 


O CD/cE Ns P+ + Lela-) k/k Fy (at) 
O _CDe/Ce MS P+ ++ Le (a-b4X+4) k/k Fy 
O ede/ede Ms P+ Le (atb-X+) k/k Fy (a-).. 
A2 cDE/ce MS P- Le (a- X+) k/k Fy (a+) ….…..…. 
O CDue/ce MNS P+ + Le (a+b-X+) k/k Fy (a+) 
O ede/cde MsNs P+ Le (a-b+X+) K/k Fy (a-) 
O ede/ede Ns P+ + Le (a-b-X-) k/k Fy (a+) 
O CD/cE MNS P- Le (a-b4X+) k/k 
A1 CD/cCE Ns P- Le (a- X+) k/k Fy (a+) ….…..…. 
B CDe/ce Ms P+ + Le (a-b+4+X+4) k/k Fy (a-) … 
O edE/ede MsNs P+ Le (a-b+) Lu (a-) k/k Fy 
(at) Jk (a-) 


Jk (a+) 


Presence of leucocyte-agglutinin Titer 

Before transfusions After transfusions (aline) 
8 
> 32 
+ 4 


leucoeytes from red cell panel donors. The results 
are shown in Table 1. 


DISCUSSION 

It is known that sera containing a leucocyvte 
agglutinating factor will preserve this factor for 
at least several months when stored at —20° C 
(4.8). So the negative results with the pretrans- 
fusion serum must be regarded as real and not as 
due to the disappearance of the agglutinin during 
preservation. Consequently, the leucocyte ag- 
glutinating factor in this patient must have devel- 
oped between May 26th and July 26th. During this 
time the patient was treated with myleran, corti- 
cotropin, cortisone, Meticorten, transfusions, and 
splenectomy. Myleran acts on mitoses — especial- 
Iy of white cells — and there is no reason to sup- 
pose immunologie mechanisms of its action. Cor- 
ticotropin, cortisone, and Meticorten can hardly 
be the cause of the agglutinin. Splenectomy was 
followed bv a transient drop in WBC from about 
100,000 to about 20,000 per cmm, probably as a 
result of the extirpation of this big myveloid 
focus. When serum was obtained after operation 
the WBC had again reached 132,000. The develop- 
ment of agglutinins can scarcely be attributed to 
splenectomy; on the contrarv, agglutinins have 
been reported to disappear for some time after 
this operation (1). The probable cause of the ag- 
glutinin formation is the 13 transfusions given 
during the period in question. 

The problem is now whether the agglutinin was 
directed against a specific white cell antigen or 
against an antigen common to red and white cells. 
All preparations were examined for macroscopic 
and microscopie erythrocyte agglutination; only 
on one occasion (donor type B) was a red cell ag- 
glutination noted. However, the lack of agglutina- 
tion in saline dilutions does not exclude the pre- 


sence of an incomplete red cell antibody. Whether 
an antibody might act as an incomplete one against 
red cells and as a complete one against white cells 
is not known. If this should be the case, the 
results obtained in this study may be questionable, 
as the ratio granulocytes/erythrocytes of the leu- 
cocyte suspensions used has not been quite con- 
stant; with a low ratio the erythrocytes might 
absorb the antibody and the agglutination of leu- 
cocytes would not occur. Bearing in mind the dis- 
tinct differences between incomplete and com- 
plete red cell antibodies (13), however, this pos- 
sibility is but slight. The data given in Table 1 in- 
dicate that the leucocyte agglutinin was not direc- 
ted against any of the antigens tabulated. This 
holds true too, (apart from k/k), when only the 
positive results are analyzed. This favours the 
concept that the leucocyte agglutinin(s) was caused 
by one or more specific leucocyte antigens 
held by the leucocytes transfused to the patient. 
This view could have been substantiated by ab- 
sorption experiments. Unfortunately, no more se- 
rum was available for this purpose, as the patient 
had left the hospital when this point of the study 
was reached; shortly afterwards she died at home. 
(It should be mentioned that in another patient un- 
der study it has not been possible to absorb a leu- 
cocyte agglutinin by means of red corpuscles). A 
closer determination of the patients red cell 
group would have been desirable, but was not 
possible because her own erythrocytes were 
mixed with many transfused red cells. 

There was no evidence of auto-aggression in 
this patient. The agglutinin co-existed with a very 
high leucocyte count (132,000) and the auto-agglu- 
tination test (performed with post-transfusion se- 
rum) was negative. 

Finally, it should be noted that the agglutinat- 
ing factor was demonstrable in blood drawn 54 


O ecDE/ce MsNs P- Le (a-b+) Lu (a-) k/k Fy (a+) 
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days after splenectomy. As half-life time for active- 
ly formed human globulin has been estimated 
at about 14 days (7), it is likely that the presence 
of the spleen was not necessary for the formation 
of the agglutinin in question. 


CONCLUSION 


The findings in this patient indicate that leu- 
cocyte-agglutinins may arise from transfusions, 
and that one has to consider leucocyte groups an- 
tigenically independent of erythrocyte groups. Evi- 
dence of the existence of separate leucocyte groups 
has also been given by other authors (5, 9, 10, 12). 
As a consequence of these observations, the pre- 
sence of leucocyte-agglutinins in some cases of leu- 
copenia is no proof of an immunologic origin of 
the disease if the patients have been previously 
transfused; (the rôle of pregnancy for the devel- 
opment of leucocyte antibodies is still unknown). 
An immunoleucopenia should be suspected only 
when leucocyte antibody is present but no tran- 
fusions have been given, or when by direct or in- 
direct methods a leucocyte antibody can be shown 
to be an auto-antibody. On the other hand, it 
should be realized that failure of demonstrating 
auto-antibody in granuloecytopenic states hardlv 
excludes an immunologic pathogenesis of the 
disease. If an antibody should be selectively di- 
rected against granulocytes, the substrate for dem- 
onstrating auto-antibody in the severely granu- 
locytopenic patient is lacking and can be pro- 
cured only if remission occurs. 
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SUMMARY 


In a patient suffering from chronic myelogenous 
leukemia leucocyte-iso-agglutinins developed dur- 
ing a series of 13 transfusions. It is concluded that 
the agglutinins were caused bv the transfusions, 
and that the existence of leucocyte groups inde- 
pendent of erythroevte groups is likely. 
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PHEOCHROMOCYTOMA AND ADRENOCORTICAL FUNCTION 


By RICHARD FRIEDBERG 


Though there has been a considerable increase 
in the extent of knowledge regarding the patho- 
logical and clinical aspects of pheochromocytoma 
since Labbe’s work in 1922 (1), it would seem 
justifiable to publish this case record, since 
efforts have been made here to gain an impres- 
sion of the dependence of the adrenocortical ac- 
tivity on permanent hyperepinephrinemia. 

In 1937 Beer et al. (2) showed that the symp- 
toms in pheochromocytoma were due to hyper- 
adrenalemia, and after Euler in 1946 (3) dem- 
onstrated noradrenaline in the organism, Ho l- 
ton (4) found in 1949 that this substance also 
occurred in greater amounts in patients with 
pheochromocytoma. In this country Lund (5) 


From Sundby Hospital, Copenhagen. 
Chief: Professor H.C. Gram. 


reported in 1951 on the relationship of adrenaline 
and noradrenaline in the organism. 


Case Record. 

The patient was a 43-vear old woman, admitted to 
the hospital with the diagnosis hypertensio arterialis, 
angina pectoris and incompensatio cordis. 

Nine years previously the patient had hypertension 
and albuminuria in connection with a normal birth. 
After three months’ bed rest, the blood pressure be- 
came normal and the albuminuria disappeared. The 
patient was well for a number of vears. 

Four and five years later the patient had abortions 
in the first and third month respectively, and in con- 
nection with the last abortion it was found that the 
blood pressure was again increased, but there was no 
albuminuria. Since the blood pressure did not become 
normal again despite three months’ stay in bed, and 
as eve symptoms developed, the patient was admitted 
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to the Neurological-Surgical Department and bilateral 
sympathectomy was performed. Before the operation, 
the blood pressure ranged between 205/125 mm Hg 
and 260/150 mm Hg, where it remained despite the 
operation. After about six weeks’ convalescence, 
during the first part of which the patient had frontal 
headache, palpitations and attacks of perspiration, the 
condition improved, the blood pressure decreased from 
260/150 mm Hg to 140/80 mm Hg, the pulse rate from 
120 to 80 per minute, and the sedimentation rate from 
55 to 10 mm per hour. The electrocardiogram was 


normal, there was no rise in temperature, and the _ 


patient was discharged. 

Two years later she was readmitted, since after the 
course of about one vear’s freedom from symptoms, 
she again experienced palpitations, attacks of per- 
spiration and eve symptoms in the form of misted 
vision and flickering before the eves, and later func- 
tional dyspnoea, crural oedema and nightly attacks 
of laboured breathing. 

On admission the patient was pale, perspiring and 
restless, resembling a case of thyreotoxicosis with 
hypertensive cardiac disease. Her temperature was 
about 38° Celsius and the pulse rate about 140 per 
minute; the basal metabolic rate 60 per cent above 
normal. Her blood pressure was 230/140 mm Hg, the 
pulse rhythm regular, and the electrocardiogram 
showed sinus rhythm with isoelectric T-waves in the 
Ist and 2nd leads and quite high and pointed P-waves 
in the 2nd and 3rd leads. On X-ray film the heart was 
of normal size and shape. There was no protein or 
blood in the urine, and the diuresis and the specific 
gravity were normal. There was no anaemia and the 
sedimentation rate was 25 mm per hour (Westergren). 
During the first 3 weeks after admission the temper- 
ature remained between 38° and 39° and thereafter 
decreased to 37.5° Celsius. The blood pressure ranged 
between 230/140 and 160/90 mm Hg and the pulse rate 
remained at about 120 per minute. The basal metabolic 
rate ranged between 140 and 190 per cent (8 examina- 
tions). 


While in hospital the patient had repeated attacks, 
during which she became ashen, showed signs of fear, 
perspired, and had extreme difficulty in breathing. 
There was no pain in the precordial or abdominal 
regions. During these attacks the blood pressure re- 
mained high, the pulse was tensed and its frequency 
rose to about 150 per minute. Stethoscopic examination 
of the heart and lungs revealed no abnormalitv, parti- 
cularly no sign of lung oedema. 

As administration of regitine (2-(N-p-tolyl-N-{m-hy- 
droxphenyl)-amino-methyl)-imidazoline) had caused 
a definite and immediate fall in blood pressure, and 
large amounts of noradrenaline and adrenaline (from 
324 to 1689 „g per 24 hours) were found in the urine, 
the patient, though the X-ray findings were apparently 
negative, was transferred to the surgical department 
for operation for pheochromocytoma. On operation no 
tumour was found in or outside the adrenocortical 
gland. After the operation the patient became febrile 
again, and palpitation, perspiration and attacks of 
breathlessness continued. The patient’s condition de- 
teriorated and she died two months later. 

Autopsy revealed a round, firm tumour 5 X 3 X 2 
cm in size situated retroperitoneally and approxi- 
mately 3 cm below the left renal artery. The tumour 
weighed 45 g and its microscopic appearance was 
that of a typical pheochromocytoma. 


Since the production of ACTH and a series of 
adrenocortical hormones, many works have been 
published on the possible relationship between 
hormones of the adrenal cortex and the adrenal 
medulla. 

In the majority of these studies small doses of 
adrenaline have been administered for short 
periods (minutes or hours). It appeared to be of 
interest, therefore, to gain information on the 
reaction of the adrenocortical function in man 
to prolonged and more constant administration 
of pressor substances such as adrenaline and nor- 
adrenaline, Such investigations cannot normally 
be carried out experimentally on humans, but in 
patients with pheochromocytoma it is possible 
to examine the significance of permanent hyper- 
epinephrinemia for the whole organism and par- 
ticularly for the adrenocortical activity. 


METHODS 


Determination was made of the excretion in 
urine per 24 hours of 17-ketosteroids and of cor- 
ticoids before, during and after administration 
of 20 international ACTH units twice in the course 
of 12 hours. Further we examined whether the 
concentrations of sugar, potassium, sodium, and 
calcium in serum were normal and whether 
they were affected bv administration of ACTH. 
The number of eosinophil cells in the blood 
were counted and the diuresis during 24 hours 
measured. The methods have been described in 
a previous work (6). 


Table 1. 


Urinary Excretion of Adrenocortical Steroids and 
some Haematologic and Metabolic Data before, 
during and after ACTH Administration to a 
Patient with Pheochromocytoma. 


ACTH 


m.)* 
Day 1 2 3 4 pe 6 7 
Urine, 


ml per 24 hrs. 1340 1100 600 600 700 400 600 
17-ketosteroid, 

mg per 24 hrs. 3.9 34 28 24 13 12 1.7 
Corticoid, 

mg per 24 hrs. 1.10 1.02 0.66 0.63 0.70 0.55 1.05 


Eosinophils 

per cu.mm. .… 350 350 475 450 150 250 200 
Blood Sugar, 

Te Wn 114 114 116 115 221 115 112 
Serum Calcium, 

10.5 10.2 10.5 10.1 73 9.5 103 
Serum Sodium, 

140 135 133 138 
Serum Potassium, p 

4.7 43 4.7 4.1 


* The two ACTH injections were given with 12 hours’ 
interval. 

«** These examinations were carried out 24 hours af- 
ter the first ACTH injection. 
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RESULTS 

It will be seen from the table that before ACTH 
administration there was relatively low excretion 
of 17-ketosteroids and relatively high excretion 
of corticoids, and that the excretion of these sub- 
stances in the urine was not affected by the 
ACTH given. The number of eosinophil cells was 
normal before, and fell by about 60 per cent after 
ACTH administration. The blood sugar concentra- 
tion was slightly above normal before ACTH was 
given, though administration of 48 g glucose 
caused a rise from 125 mg per cent to 290 mg 
per cent in 1% hours; after 3 hours the blood 
sugar concentration had decreased to 110 mg 
per cent. After administration of ACTH the blood 
sugar concentration increased to 221 mg per cent. 
The content of calcium, sodium and potassium 
in serum was normal. After ACTH administration 
there was a distinct fall in the calcium amount 
(6), while the sodium and potassium values 
remained unchanged. 


DISCUSSION 

The patient concerned had for at least 4 vears 
been subject to permanent hyperadrenalinemia. 
In order to procure information on the effect of 
this condition on the adrenocortical activity, we 
examined the adrenocortical function before and 
after short term administration of ACTH. As in- 
dices of adrenocortical activity we used the 
described examinations of blood and urine. 

Before ACTH administration our patient’s 
adrenocortical steroid excretion in the urine was 
abnormal, the excretion of 17-ketosteroids being 
lower and the excretion of corticoids higher than 
normal. It has been found by several authors in- 
cluding the author of this article (6), that cor- 
ticoid excretion is increased relatively more than 
excretion of 17-ketosteroids after administration 
of ACTH, and it is generally recognized that in 
prolonged stress conditions, low 17-ketosteroid 
and high corticoid values are found in the urine. 
As vill we seen from the table, in our patient 
there was no increase of 17-ketosteroids or corti- 
coids in the urine after ACTH administration. 
This may well be explained by the fact that in 
the present case the adrenal cortex was incapable 
of reacting further to ACTH because of the pro- 
longed hyperepinephrinemia and the permanent 
stress caused thereby. This will presumably mean 
that such patients will have difficulty in resisting 
more acute stresses of other origin, e.g. infec- 
tions, trauma, etc. Thorn et al. (7) and Hu n- 
ter et al. (8), studying similar problems, found 
that short-term administration of adrenaline to 
rats did not cause any increase in the excretion 
of corticoids in the urine. 

Our purely explorative study does not permit 
conclusions to be drawn as to whether hyper- 
epinephrinemia influences the adrenal cortex 
directly, or whether this takes place indirectly, 
for instance, via hypertension and/or increased 


metabolism. The latter point of view is supported 
by the works of Thorn et al. (7) who demon- 
strated that the action of ephedrine injections 
on the number of eosinophils in the blood dif- 
fered from the action of ACTH, as the former 
produced a marked decrease, when a certain 
amount of ephedrine was injected over a short 
time, whereas infusion of ACTH over a longer 
time produced a more pronounced eosinopenia 
than a single “short-time” injection. Thus ephe- 
drine in these experiments probably produced 
eosinopenia without acting on the adrenal cortex. 
The results of Sandberg et al. (9) and Ba v- 
liss (10) point in the same direction. 


In our case the number of eosinophil cells in 
the blood before administration of ACTH was 
normal, and after ACTH there was a drop to 
about 60 per cent. This would seem to indicate 
that the eosinopenia induced by epinephrine dis- 
appears after some time, despite the continued 
influence of this drug. It would also appear that 
the various functional units of the adrenal cortex 
are influenced in different ways during per- 
manent stress, since, as mentioned above, in our 
patient corticoid excretion is not affected bv 
administration of ACTH, whereas a pronounced 
eosinopenia is caused. 


As could be expected, our patient’s carbo- 
hydrate metabolism was affected by the perma- 
nent hyperadrenalemia. In his monography on 
pheochromocytoma, Sack (11) points out that 
in patients with pheochromocytoma and hyper- 
tensive attacks, the fasting blood sugar level is 
increased during the attacks, causing glycosuria. 
However, in the attack-free periods with normal 
tension the fasting blood sugar level is normal or 
slightly above normal. In our patient hyperten- 
sion was not intermittent but permanent. In spite 
of this her fasting blood sugar level ranged only 
between 110 mg per cent and 125 mg per cent 
and there was no glycosuria. These facts appear 
to justify the conclusion that the prolonged 
hyperadrenalemia, through a permanent increase 
of the glycogenolysis, had caused a depletion 
of the glycogen stores in liver and muscle tissue; 
and a sugar load test demonstrated that her 
carbohydrate metabolism was abnormal showing 
a short termed steep and high rise of the blood 
sugar level (see p. 4). 


The steep ascent of the blood sugar curve was 
apparently the resultant of partly the increased 
basal metabolic rate causing a quick sugar ab- 
sorption from the intestinal mucosa and partly 
the ineffectivity of liver and muscle tissue to 
store glycogen because of the constantly increased 
glycogenolysis. The quick and steep decline of 
the blood sugar curve seems to indicate that the 
abnormal carbohydrate metabolism was not of 
pancreatic origin, but may by explained by the 
intensification of glucose oxidation caused bv 
adrenaline as well directly as indirectly via the 
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anterior hypophysis and the thyrotrophic hor- 
mone. 

After administration of corticotrophic hormone 
to our patient we observed an increase of her 
blood sugar level from 115 mg per cent to 221 
mg per cent; the last figure obtained 12 hours 
after the last ACTH injection. This response 
could be explained as the result of an “exhaustion 
atrophy” of the islands of Langerhans — caused 
by an increased and permanent release of ACTH, 
induced by adrenaline; but as mentioned before, 
the sugar load test indicated that the observed 
defect of the carbohydrate metabolism was not 
of pancreatic origin. However, it is well recog- 
nized that corticotrophic hormones release ad- 
renocortical hormones which stimulate gluconeo- 
genesis and oppose the action of insulin peri- 
pherally, and these actions on the blood sugar 
level are of much longer duration than the effect 
of adrenaline or of sugar loading. 

Yet in our case it is difficult to explain the 
ACTH-induced rise in blood sugar in the above- 
mentioned way, because this would involve that 
the adrenal cortex had been able to respond to 
ACTH with an increased corticoid release. How- 
ever, as shown in the table this was not the case. 
Thus it seems that in this case ACTH interfered 
with the carbohydrate metabolism not by way of 
glucocorticoids released from the adrenal cortex, 
but in an unknown way. 


SUMMARY 
A case of pheochromocytoma is reported in a 
43-vear old woman. The diagnosis was made in 
vivo, but the tumour was not localised either be- 


fore or during operation, and the patient died 
after about four years’ illness. Autopsy revealed 
a walnut-sized pheochromocytoma situated retro- 
peritoneally below the left kidney pole. 
Excretion of 17-ketosteroids in the urine was 
found to be lower and excretion of corticoids 
a little above normal. The number of eosinophile 
cells was normal, as was the blood sugar and the 
content in serum of calcium, sodium, and potas- 
sium. After administration of ACTH there was 
no increase in the excretion of 17-ketosteroids 
and corticoids. The number of eosinophil cells 
fell by about 60 per cent, and there was a pro- 
nounced rise in the blood sugar and reduction 
in the serum calcium. The serum sodium and se- 
rum potassium values remained unchanged. 
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TREATMENT BY NORADRENALINE 
SOME PRACTICAL AND THEORETICAL CONSIDERATIONS 


By NANNA GJOL and RENE DYBK.ER 


Treatment of severe vascular collapses by nor- 
adrenaline was first introduced by Golden- 
berget al. (1949). 

Further results have proved so favourable as 
to justify the use of noradrenaline in every case 
of shock that does not respond to usual thera- 
peutie measures. 

Of fundamental importance, however, is the 
manner in which the treatment is conducted and 
the complications combated. But the successful 
outcome of noradrenaline treatment may also be 
materially dependent on apparently secondary 
technical factors and more so if the therapy must 
be continued for several days. 


From the Hospital of De Gamles By (“The Old 
People's Town”). 
Chief: Torben Geill. 


The following is an attempt, based on the liter- 
ature and our own experience, to elucidate some 
problems encountered during noradrenaline 
therapy. 


Concerning the physiological background for 
the use of noradrenaline (hereafter called NA), 
the reader is referred to the recent review by 
v. Euler (1954). Here it is sufficient to point 
out that NA acts as an overall vasocontrictor, 
except on the coronary vessels which are dilated. 
Systolic as well as diastolic blood pressure are 
raised, and in the intact organism a fall in pulse 
rate occurs due to a vagal reflex. 


Neither basal metabolic rate nor blood sugar 
are materially influenced by therapeutical doses 
and cerebral excitation is not observed. The 
elimination occurs within a few minutes. 
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Outlines for the use of NA are given by No r- 
lander (1952), and the indications for this 
treatment in shock following coronary thrombosis 
are discussed by Sampson &Zipser (1954). 

It should be emphasized that no vascular col- 
lapse, however serious, should be considered 
beyond therapeutical range. In cases of shock 
with material loss of fluid or blood, this should 
first of all be compensated for. Then, if shock is 
not alleviated, NA may still raise the blood pres- 
sure. 

As a rule, the treatment may be terminated 
after a few hours and is easily managed. However, 
the future course of events is never known at the 
outset, and unforeseen “complications” may 
jeopardize or eliminate any chance of a successful 
outcome. Therefore, one should always be pre- 
pared for the worst. 


EQUIPMENT 

As the positive response to therapy is inversely 
related to the duration of shock (Gootrnick & 
Knox 1953), it is often of vital importance to 
start the treatment without delay. It is therefore 
advisable to have a “noradrenaline tray” in readi- 
ness, containing the necessary remedies for in- 
fusion, including a polyethylene catheter {kept 
in a sterilizing solution), and sterile instruments 
for the exposure of subcutaneous veins. Apart 
from noradrenaline, theophylamine and a short- 
acting digitalis or strophantus preparation should 
be at hand. Finally, oxygen and suction must be 
available. 


PROBLEMS RELATING TO THE INFUSION 

NA is administered continously by intravenous 
drip-infusion. As the duration of therapy is un- 
predictable, it is advisable in the first place to 
introduce a polyethylene catheter 20—30 cm into 
a vein, thus ensuring fixation and minimizing the 
danger of extravasation of NA. The catheter 
should preferably be inserted directly through a 
thick needle, which is then removed. Sometimes, 
however, exposure of a vein may be necessary. 
The infusion tube is connected with the catheter 
by a thin needle. The two needles required should 
be chosen in advance so as to fit the wet catheter. 

The arm (or leg) of the patient must be firmlv 
but comfortably fixed as movements may cause 
an irregular rate of infusion. 

It is generally advised to remove a polyethylene 
catheter from the vein within a week after inser- 
tion in order to avoid phlebitis. Through intermit- 
tent heat treatment of the extremity this compli- 
cation should not be encountered. 

Without specific measures the catheter will 
soon close on account of blood clotting. This is 
prevented by adding 1500 i. u. of heparin to each 
liter of liauid infused. H. F. Smith (1953) and 
A. Hicks (1953) both recommend the use of 
heparin for intravenous infusions. The small 
amounts of heparin used do not increase the 
coagulation time (Hicks 1953). 


In one of our patients treated by NA for seven 
and twenty-four days, the therapy was seriously 
hampered during the first week because of a 
severe phlebitis in the arm. Furthermore, clotting 
of the catheter caused the infusion to stop fre- 
quently, thus resulting in a serious fall in blood 
pressure. Local heat treatment and the addition 
of heparin to the infusion caused a complete dis- 
appearance of these complications, and the con- 
tinuous intravenous therapy presented no pro- 
blem, even at a drip rate of one drop per minute 
(Gijgl et al. 1956). 


THERAPY 

Start. Usually the infusion is started with a 
solution containing 4 mg of NA per liter of 5 per 
cent glucose, and at an infusion rate of 0.5 ml per 
minute. The number of drops per milliliter de- 
pends on the shape of the dripper and should 
be known. The usual number of 16 is presupposed 
in the following. 

During continuous registration of the blood 
pressure, the drip rate (number of drops per 
minute) is carefully adjusted until the desired 
blood pressure level is obtained. 

Should the need for NA prove large or restric- 
tion of fluid administered be deemed advisable, it 
is necessary to augment the concentration of NA 
(up to 64 mg per liter have been used (Smith 
& Guz 1953)). Still, high concentrations at low 
drip rates may make adequate regulation dif- 
ficult. 

The optimal blood pressure level is dependent 
on shock genesis and the usual blood pressure of 
the patient. Often a normal blood pressure is 
aimed at, but in previously hypertensive patients 
slightly hypertensive values may prove necessary. 
Here the clinical condition is the most valuable 
guide to the level desired. 

Shock in coronary thrombosis is an exception, 
as the blood pressure should only be raised just 
enough to keep the patient out of the shock. 

Some patients react slowly or not at all to NA. 
In our opinion, if the patient responds but poorly, 
a rapid increase in the NA concentration is ad- 
vantageous. Furthermore, the administration of 
cortisone or the addition of hydrocortisone to the 
infusion (100 mg per liter) has been advocated. 
Thus Kurland & Freedberg (1951) found 
an increase in pressor response to NA in normo- 
tensive subjects during treatment with adreno- 
corticotrope hormone or cortisone. Our results 
with hydrocortisone in two patients treated by 
NA were not convincing, but of course further 
experience is necessarv. 

Any doubt about giving cortisone to patients 
with myocardial infarction seems to be unjusti- 
fied if conclusions may be drawn from experi- 
ments in dogs (Johnson et al. 1953, Opdyke 
et al. 1953). 

Continuation. When a stationary and satis- 
factory blood pressure has been achieved, it must 
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be controlled every 5 to 15 minutes for some 
hours, later twice an hour. The blood pressure 
may oscillate some 40 mm of mercury without 
necessitating regulation of the drip rate, but close 
observation of the patient is then required. Fre- 
quent blood pressure control should not be omit- 
ted, even when the patient is asleep. A hypoten- 
sive trend during sleep is normal but may be the 
first step toward shock. Also, leakage of infusion 
fluid can be revealed through the ensuing fall 
in blood pressure, which may be precipitious, 
even disastrous. Thus, Livesay & Chapman 
(1955) report a case where extravasation of the 
NA infusion was detected too late to save the 
patient. 

The drip rate should be controlled every thirty 
minutes. Spontaneous fluctuations occur due to 
venous spasms or movements of the arm. 

Termination. When the clinical condition and 
blood pressure have been satisfactory for some 
hours, a slow reduction in the NA supply may 
begin. Too rapid withdrawal of NA often results 
in hypotension which may occur abruptly, even 
after some hours. The therapy then has to be 
resumed, sometimes with an increased dosage 
of NA. 

When the infusion has been stopped, frequent 
control of blood pressure should be continued for 
one or more days and the catheter kept open by 
slow infusion of 5 per cent glucose, thus permit- 
ting immediate resumption of the NA treatment 
(Kurland & Malach 1952). 


COMPLICATIONS 

The complication most often described is re- 
gional necrosis due to vehement vascular constric- 
tion resulting from extravasation of NA. The best 
prophylaxis is the insertion of the polyethylene 
catheter 20—30 cm into the vein and local inter- 
mittent heat therapy. Actual necrosis is treated 
by heat application and parenteral penicillin; 
possibly infiltration with procaine may prove 
valuable. 

In patients with diabetes or peripheral vascular 
diseases, NA infusion should not be given in the 
lower limb because of the greater risk of necrosis. 

It might be presumed that in patients with car- 
diogenic shock, the administration of fluid and 
the increased pressure in the pulmonary artery 
caused by NA would result in pulmonary oedema. 
The risk, however, seems small. During NA treat- 
ment of six patients with cardiogenic shock the 
pre-existent pulmonary oedema was not aggra- 
vated (Kurland & Malach 1952). In one 
patient pulmonary oedema occurred during thera- 
py but was cured by usual measures. 

Gootnick & Knox (1953) conclude in ac- 
cordance that by the combination of shock with 
pulmonary oedema, shock treatment should have 
priority. Indeed, rapid improvement in pulmo- 
nary stasis was observed by Gazes et al. (1953) 
in seven patients treated with NA. In two of our 


patients pulmonary oedema occurred; the NA in- 
fusion was nevertheless continued and usual 
therapy effectively relieved the decompensation, 

The influence of NA on the irritability of the 
heart is only slight (Nathanson & Miller 
1950). However, Moyer et al. (1953) found 
transient supraventricular extrasystoles and im- 
paired atrioventricular conduction in three of 
twenty normal subjects during NA infusion. 

Digitalis and quinidine are administered on 
usual indications, irrespective of the NA treat- 
ment. In patients suffering from coronary throm- 
bosis, our limited experience seems to indicate 
that early digitalisation is beneficial when symp- 
toms of decompensation are observed. 

As NA causes pronounced constriction of the 
renal vessels, an impairment in renal function 
might be expected. Experience with shock- 
patients treated by NA (Mills et al. 1953) in- 
dicates, however, that the increase in blood pres- 
sure more than compensates for renal vasocon- 
striction, the final result being an improved renal 
function. Likewise, Moyer et al. (1953) and 
English (1953) observed a recurrence of 
diuresis when patients with shock-induced anuria 
were treated with NA. 

It has been asserted that pressor treatment of 
shock with irregistrable blood pressure may cause 
renal failure (Silber 1953). Still, in these cases 
anuria might have been generated by the severe 
state of shock. 

Hall (1955) treated a case of grave vascular 
collapse with 1425 mg of NA for twenty-two days 
and with daily doses of up to 144 mg. At the out- 
set the patient had oliguria with uraemia, but 
diuresis as well as blood urea returned to normal 
within four days. One of our patients received up 
to 5.8 mg of NA per hour, yet the excretion of 
urine remained normal. 

The theory of NA as a cause of renal damage is 
furthermore contradicted by the fact that anuria 
complicating paroxysms by phaeochromocytoma 
have not been reported. During such crises very 
large amounts of NA may be “autoinjected” into 
the circulation: 120 mg a day or more (v. Euler 
1954). 

In some instances the treatment is accompanied 
by urinary retention because of the sympatico- 
mimetic effect of NA, which may also inhibit in- 
testinal motility. 

An overdosage of NA will be revealed by hyper- 
tension which may cause cerebral haemorrhage, 
heart failure and — in patients with coronary 
thrombosis — aneurysma or rupture of the heart. 


PRACTICAL DETAILS 


Recording of data. The exact and continuous 
recording of all salient data is essential for op- 
timal therapy and for the evaluation of therapeu- 
tical results — and it also permits an early reali- 
sation of errors committed. 
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The blood pressure, pulse and drip rate are 
most conveniently noted on graph paper with a 
time abscissa. Regulation of drip rate is indicated 
separately. The condition of the patient, the con- 
centration of NA, any technical difficulties con- 
cerning the infusion and important additional 
therapy are likewise recorded on the curve. 

Fluid intake and output should be checked by 
a balance sheet. 

When a dilution of NA is made, the time and 
concentration are noted on the flask, and likewise 
the addition of heparin and hydrocortisone. 

NA will keep up to fortv-eight hours when 
diluted in a 5 per cent glucose or 0.9 per cent 
saline but is soon oxidized in a solution of 
sodiumbicarbonate. The destruction is revealed 
through a darker colouration of the liquid. 

Nutrition. If, after twenty-four hours, the pa- 
tient is unable to eat and drink, an adequate sup- 
ply of calories, protein, vitamins and minerals is 
maintained through a stomach tube. 

Because of the greater danger of infection dur- 
ing continuous intravenous infusion, the prophy- 
lactice use of antibiotics will have to be con- 
sidered. 

Laboratory exraminations. At the start of thera- 
py, some or all of the following laboratory data 
should be obtained: electrocardiogram, haemo- 
globin, erythrocyte count‚ erythrocyte sedimen- 
tation rate, leucocyte, eosinophilic and differen- 
tial counts, blood group determination, blood 
urea (or serum creatinine), serum sodium, potas- 
sium and chloride, total contents of carbon 
dioxide and serum protein. Urinalysis with deter- 
mination of specific gravity and microscopy. 
Furthermore, prothrombin and blood sugar de- 
terminations may be desirable. 

Observation of the patient. It is imperative that 
the patient be constantly supervised by a nurse — 
during emergencies also by a physician. Goo t- 
nick and Knox emphasize that “a nurse can- 
not be given responsibility for the many decisions 
required by the fluctuating balance of the pa- 
tient”. 

Some clinicians may feel that several of the 
above measures are superfluous, but they are’ the 
results of experience gained from treatment of 
complicated and severe cases of shock. 

Admittedly, NA therapy may in some cases be 
time-consuming, the management difficult and the 


results not always rewarding. Yet in the words 
of Gootnick and Knox — “a single ex- 
perience of seeing a hopelessly shocked mori- 
bund patient respond and later walk out of the 
hospital, is generally sufficient to inspire phy- 
sicians and nurses with the high morale and 
persistence necessary for the management of this 
tvpe of emergency”. 


SUMMARY 
Based on literature and own experience, some 
technical and therapeutical problems as well as 
complications during noradrenaline treatment 
are discussed. 
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THE ANTAGONISM OF 
N-ALLYL-N-DESMETHYLMORPHINE TO PETHIDINE 
MEASURED BY RESPIRATION KYMOGRAPHY 
By NIELS FJELDBORG and SOPHUS JOHANSEN 


In 1915, Julius Pohl (15) discovered that 
a derivative of codeine (n-allyl-norcodeine) ex- 
erted an antagonistic effect on codeine in animal 
experiments, but this observation was not given 
great attention until after renewed investigations 
by Hart (9) in 1941. In 1943, Hart (10, 11) 
described the antagonism of n-allyl-normorphine 
(n-allyl-n-desmethylmorphine, NAM) to the re- 
spiratory depression produced by morphine and 
showed that NAM per se did not stimulate the 
respiration of animals which were not under the 
influence of morphine. In 1943, Klaus Unna 
(18) showed that NAM possessed several of the 
effects of morphine when it was given alone, but 
exerted an antagonistic effect on morphine when 
it was given in relation to this. In particular, he 
demonstrated that the mortality following the 
administration of morphine could be reduced 
considerably by the use of NAM. 

In 1951, Radoff and Huggins (16) re- 
ported that the mortality rate in pethidine poison- 
ing in mice could be reduced essentially by the 
administration of NAM. 

In 1951, Smith et al. (17) showed in experi- 
ments on dogs that NAM was antagonistic to 
morphine and methadone, both as far as the rise 
in the pain threshold, the respiratory depression 
and catalepsy were concerned, whereas the an- 
tagonism of NAM to pethidine was not so pro- 
nounced. Huggins et al. (12) were unable to 
demonstrate antagonism to pethidine. 

The first report on clinical experience with 
NAM was published in 1952 by Eckenhoff 
(3) who demonstrated a pronounced antagonism 
to the respiratory depression produced by both 
morphine and pethidine. This author has later 
published reports on a comprehensive series of 
parturients who were anaesthetized with pethi- 
dine and barbiturates; a beneficial effect of NAM 
on the respiration of the newborn infants was ob- 
served, when this drug was administered to 
mothers shortly before delivery. 

The purpose of the present study has been to 
find the dose of NAM which is just sufficient to 
abolish the respiratory depression produced by 
pethidine. 

During cystoscopic examinations 28 
were performed in 26 patients. 

The ages of the patients ranged from 24 to 88 
vears, nine being under and 17 over 50 vears of 
age. All the patients, except one, were men. 
From the Department of Surgery (Head: J. Fabricius- 
Moller), Arhus County Hospital, and the Department 
of Anaesthesiology (Head: E. Waing Andersen), Co- 
penhagen County Hospital, Gentofte, Denmark. 


studies 


Morphine-atropine had been given about 1 hour 
before the examination in eight patients, while 
the remaining patients had not received any pre- 
medication. 

The respiration was recorded by a Krogh or 
Lundia respiration apparatus. During the exami- 
nation the patients were breathing pure oxygen. 

The drugs (injectable pethidine 1 % and in- 
jectable NAM, Anarcon GEA) were given intra- 
venously either through the tubing of a drip in- 
fusion apparatus or through an Olovson-Gordh 
needle in order to avoid stimulation of the 
patients. 

Pulse rate and blood pressure were followed 
in 13 cases, whereas this possibility of stimulation 
was purposely avoided in the remaining 15 cases. 

The individual doses of pethidine ranged from 
50 to 100 mg; the dose was repeated until a 
distinct respiratory depression was obtained. The 
total doses administered ranged from 100 to 280 
mg of pethidine. 

NAM was administered either before, during 
or after the pethidine medication. 


RESULTS 

Definite antagonism of NAM to pethidine was 
observed in 25 cases. (Fig. 1). 

In two studies on the same patient the dose of 
2 mg of NAM to 100 mg of pethidine did not seem 
to be effective. In one case NAM seemed to give a 
further depression of the respiration in the dosage 
used, viz. 1 + 2 mg to 100 mg of pethidine. 

The patient concerned, a man aged 52, had been 
treated with sympathectomy for angina pectoris. 
He had derived some benefit from the operation, 
but still had to take nitro-erythrol tablets. In ad- 
dition, he complained of dyspeptic discomforts 
suggestive of peptic ulcer, with typical epigastric 
pain. For periods he had to use analgesics in 
large doses and received 200—300 mg of pethidine 
daily during the hospital stay. NAM did not pro- 
duce any abstinence symptoms in this patient. 

The pulse-rate and blood-pressure recordings 
did not show unequivocal variations in relation 
to the injections; considerable deviations from 
the values recorded before the examinations were 
not observed in any of the cases. 

It was never necessary to supplement the medi- 
cation of pethidine with other analgesics, and 
the doses of pethidine used were of the same 
order of magnitude as those previously used by 
Gammeltoft, Johansen and Ruben (6). 

In six cases a definite awakening effect was 
observed in relation to the NAM injections. 
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Fig. 1. 
Recording of the respiration during administration of 
pethidine (P) and N-allyl-N-desmethylmorphine (N). 


The effective doses of NAM relative to pethidine 
were: — 


No. of cases Katio 
10 1:50 
12 1:100 
2 1:150 
1 1:200 
3 No effect or further depression 
DISCUSSION 


In the majority of cases it was possible to 
confirm the observations of Radoff and H u g- 
gins (16) and Eckenhoff (3), viz., that NAM 
is an effective antagonist to respiratory depres- 
sion produced by pethidine. The doses required 
to obtain a good effect on the respiratory de- 
pression produced by pethidine were relatively 
small, varying between 0.5 and 2.0 mg of NAM 
per 100 mg of pethidine. However, it invites re- 
flection that in two cases in the same patient it 
was not possible to abolish the respiratory de- 
pression, although this patient did not present 
any abnormalities and was not a drug addict. 

In one patient who had received pethidine for 
some time the respiration was further depressed. 

Fromherz and Pellmont (2), in 1952, 
and Bodman (1), in 1953, suggested that it 
would be possible to administer a morphine an- 
tagonist simultaneously with morphine in such a 
ratio that the respiratory depression was abolished 
without weakening the analgesic effect. Subse- 
quent studies published by Hamilton and 
Cullen (7, 8) in 1953 and 1955 scem to show 
that it will be possible to find such a combination; 
in particular, studies on lev-allorphan as an an- 
tagonist to pethidine and levorphan have given 
promising results. However, in studies on NAM 
and morphine Lasagna and Beecher (14) 
were unable to find a combination which offered 
advantages over morphine alone. 

In our studies, no attempt was made to in- 
vestigate the sensation of pain under standardized 
conditions, but on the basis of clinical obser- 


vations we believe we have ascertained that the 
combination of pethidine and NAM used did not 
make the subsequent cystoscopic examinations 
more unpleasant to the patients than the examina- 
tions which were performed under pethidine 
analgesia alone, and the doses of pethidine used 
in combination with NAM were of the same order 
of magnitude as those previously used by G a m- 
meltoft, Johansen and Ruben (6) in 
their studies on pethidine in cystoscopy. 


SUMMARY 

Studies are reported in which it was in- 
vestigated whether n-allyl-n-desmethylmorphine 
(NAM) is an effective antagonist to moderate re- 
spiratory depression produced by pethidine. The 
respiration was recorded kymographically. 

Restitution of the respiration was obtained in 
25 cases; no effect was obtained in two cases, and 
further depression occurred in one case. 

The doses of NAM used were 1—2 mg, and their 
ratio to pethidine ranged from 1:50 to 1:200. So 
far a standard combination of pethidine and NAM 
has not been attained. 

Cystoscopic examinations were performed in 
relation to the studies; it proved unnecessary to 
increase the dose of pethidine in any of the cases. 

It is concluded that the administration of NAM 
in the presence of doses of opiates producing a 
moderate respiratory depression is attended with 
some risk. 
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DEFICIENCY OF A FACTOR IN THE PLASMA THROMBOPLASTIN SYSTEM 
REVEALED BY FREEZING OF THE PLASMA 


By KNUD-ERIK SJOLIN 


In a previous paper the application of the 
thrombin generation test in the differential diag- 
nosis of classical haemophilia (AHF deficiency) 
and a haemophilic group comprising the Christ- 
mas disease has been described (Sjglin 1956a). 

By the examination of blood from a patient 
with a haemorrhagic disorder and macroglobulin- 
aemia, it was noticed that the slow thrombin 
formation increased in velocity after the plasma 
had been stored at —20° GC. In view of these 
observations, the possibility was investigated as 
to whether freezing of plasma samples could in- 
fluence the development of factors in the plasma 
thromboplastin system. 


CASE RECORD 

The patient is a 52 vear-old man belonging to a 
family where information about 5 generations is 
available (Andreassen 1943). In two generations 
5 other males are suffering from haemophiloid dis- 
case. The inheritance of the disease is sex linked and 
recessive. No females are affected. The patient has 
suffered from bleeding tendency from the age of 6 
vears, when he had a prolonged bleeding attack after 
a dental extraction. Since then several serious bleed- 
ing attacks after dental extractions have occurred, 
one requiring 9 blood transfusions. The patient has 
had many post traumatic subcutaneous and intra- 
muscular bleedings, but has never had joint haemor- 
rhages. There has been a single attack of haematuria. 
The patient has never had severe bleeding attacks af- 
ter injuries. Apart from the severe dental bleeding 
episodes the patient has had very little inconvenience 
from his disease. By profession he is a farmer and 
has had no trouble in taking care of his job. 


LABORATORY INVESTIGATIONS 
Quick’s prothrombin time: 19 sec. (Control 19 sec.) 
Thrombocytes: 137000/mm? plasma. Recalcification 
time on diluted plasma: 7 min. 15 sec. (Control 1%—4 
minutes). The thrombin-generation test was per- 
formed as described before (Sjglin 1956a). The 


The Biological Institute of the Carlsberg Foundation, 
Copenhagen, and the Institute of Human Genetics, 
University of Copenhagen, Denmark. 


curve obtained from the patient’s plasma is demon- 
strated in Fig. 1 A. The curve from a normal control 
plasma is demonstrated in Fig. 1 B. The thrombin 
formation in the patient’s plasma is evidently delayed. 
There is a lag period of about 6—7 minutes, followed 
by a rather steep increase in thrombin concentration. 
The maximum of thrombin concentration is obtained 
as late as 11 minutes after recalcification of the plas- 
ma. With the addition of 0.2 ml normal thrombin free 
serum to 1 ml of the patient’s plasma, the thrombin 
generation became normal (Fig. 1C), and the recal- 
cification time fell to 1 min. 20 sec. The addition of 
0.2 ml adsorbed bovine plasma had a slight effect on 
the thrombin formation (Fig. 1 D). The lag period dis- 
appeared but the increase in thrombin concentration 
was very slow. The maximum of thrombin concen- 
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Figs. 1 and 2. 
Thrombin generation test. 
Abscissa: Reaction time of recalcified plasma in 
minutes. Ordinate: Thrombin activity expressed as 
reciprocal seconds (600/t). 


tration was almost unchanged. The recalcification 
time was only 2 min. 30 sec. 
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In Fig. 2 A the thrombin generation is demonstrated 
in the patient’s plasma after having been stored 
18 hours at —20° C. After a lag period of only 3 
minutes the thrombin concentration increased rap- 
idly and reached maximum 7 minutes after recal- 
cification. After 12 minutes almost all the thrombin 
was inactivated. This curve represents a normal throm- 
bin generation. Fig. 2 B shows the thrombin generation 
in the plasma after the plasma had been stored for 
4 months at — 20° C, and containing 19000 platelets/ 
mm? plasma. The thrombin generation. was very 
rapid although the plasma was platelet poor. The 
recalcification time was 2 min. 5 sec. Fig. 2 C shows 
the thrombin generation in the patient’s fresh plasma 
after addition of 0.2 ml normal plasma. The curve is 
normal, and there is no sign of inhibitor. Fig. 2 D 
shows the thrombin generation in the plasma from 
another patient with a severe haemophiloid disease, 
belonging to the Christmas group. Storage of this plas- 
ma at —20° C did not improve the thrombin gener- 
ation. (Fig. 2 E). 


DISCUSSION 

In a previous paper (Sjglin 1956 b) it was 
mentioned that a survey of Danish families with 
haemophiloid disease had showed that about 30 
per cent belonged to the Christmas group. This 
classification was based upon the thrombin gen- 
eration test. These findings were not in accord- 
ance with the findings by Frick 1954, Rose n- 
thal 1954, Verstraete 1955, who found that 
10—15 per cent of haemophilice patients had 
Christmas disease. The material presented in a 
previous communication (Sjglin 1956 a) shows 
that two types of thrombin generation curves can 
be observed in plasma from patients belonging 
to the Christmas group. In one type the thrombin 
concentration never reaches significant values 
during the test. In the second type the thrombin 
concentration after a lag period rises more or 
less rapidly and can reach normal values, but the 
maximum is delayed. 

The thrombin generation in both types becomes 
normal by the addition of normal thrombin free 
serum, but not bv the addition of adsorbed 
bovine plasma. So far the results indicate that 
both patients lack Christmas factor. However, 
freezing made the thrombin generation normal 
in the plasma of the patient described here. This 
was the case in the platelet rich plasma as well 
as in the platelet poor plasma. This was not the 
case in the plasma belonging to patients of the 
other type mentioned. 

It seems interesting that the thrombin forma- 
tion in plasma from haemophilic patients can 
become normal without additives. As there was 
only little difference as to the thrombin formation 
between platelet rich and platelet poor plasma, 
the thrombin generation being most rapid in the 
last sample, which was the oldest, the results 
indicate that a factor is liberated or “activated” 
during freezing. The action of this factor is un- 
known at the present time, but other experiments 
indicate that it is concerned with the platelet 


function. Anyway, it can be replaced either by 
the addition of suspensions of normal platelets or 
by frozen platelets from a patient with severe 
Christmas disease (Sjglin, in preparation). 

Brinkhous’ (1939, 1947) experiments indi- 
cate that normal plasma contains a factor (throm- 
bocytolysin) necessary for the liberation of 
thromboplastic factor from the formed elements 
in blood. This factor should be deficient in 
haemophilic plasma, and was without effect in 
platelet free plasma. 

As none of the plasma samples in the experi- 
ments reported here were completely platelet free, 
the possibility exists that the factor missing in 
our patients is compensated in its effect during 
the freezing process, which might liberate throm- 
boplastin generating factor(s) from the platelets. 

From a theoretical point of view, it is important 
to know the influence of freezing on plasma. 
The coagulation defect described here cannot be 
detected with the thromboplastin generation test, 
because platelet suspension is added in this test. 
By application of the thromboplastin generation 
test on serum from patients belonging to this 
group of haemophiliod disease, we have not been 
able to demonstrate delayed thromboplastin gener- 
ation. It is the purpose of this note to draw 
attention to the fact that there exists a group of 
patients with haemophiloid disease where the 
coagulation defect disappears after freezing of 
the plasma, and whieh cannot be demonstrated 
with the usual thromboplastin generation test. 


SUMMARY 
A case of hereditary haemophiloid disease in 
a man is described. The coagulation defect as 
measured by the thrombin generation test dis- 
appeared after freezing of the platelet containing 
plasma. 
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MEDIO-STATISTICAL INFORMATION FROM DENMARK FOR à 
THE YEARS 1954 AND 1955 e 

By KAREN DREYER and ERNA FRANDSEN nc 

Table 1. 

ca 

Population: Notifiable diseases:%) be 

Gensus November 7th, 1950: 4,281,275. 1954 902,761 = 205 per 1,000 population w. 

Estimated, July Ist, 1955: 4,439,200. 1955 757,023 = 171 per 1,000 population 19 

December 31st, 1954. 
Live-born: 1954 76,437 = 17.4 per 1,000 population _Practising physicians: in 
1955 76,845 = 17.3 per 1,000 population 4,907 = 1 per 898 inhabitants. is 
Practising dentists (total): th 
Still-born : 1954 1,505 = 1.9 per cent of total births 2,300 = 1 per 1,916 inhabitants. ke 
1955 1,396 = 1.8 per cent of total births Dentists with own practice: , 
1,331 = 1 per 3,310 inhabitants. 
total 1954 39,885 = 9.1 per 1,000 population Pharmacies: 350 = 1 per 12,588 inhabitants. 
£ 1955 38,791 = 8.7 per 1,000 population Practising midwives: 728 = 1 per 1,460 women am 
5 in the age group 15—49 years. 
2 under 1954 2,051 = 26.8 per 1,000 live-born Number of active members of Council Af 
1 vear 1955 1,935 = 25.2 per 1,000 live-born of Danish Nurses: 13,650. an 

%*) Except venereal diseases, delirium tremens and scabies. 0 

1 
The information in Table 1, together with that of epidemic diseases, indicates that the epidemic 5 
of Table 2, showing the number of reported cases _morbidity was considerably lower in 1955 than 4 
65 
Table 2 65 
The epidemic morbidity in Denmark 1955, 1954 and 1949—53. 
Reported cases per 100.000 pop. haan 
1955 1954 1949 —53 1955 1954 1949 —53 
average average 
we 

9 31 20 0.2 0.7 0.5 9.1 

Mover 57 64 48 1.3 1.5 Ll th, 

Epidemic cerebrospinal meningitis.............. 160 136 138 4 3 3 

Acute anterior poliomyelitis, total. 70 352 1,909 1.6 8 44 

TND EN 24 72 725 0.5 1.6 17 th, 

Epidimic cerebrospinal meningitis.............. 20 24 14 05 0.5 0,3 un 

DN penstersrtentennmeisenvvesdsneronss 183 252 270 4 6 6 in 

Intermittent fever, originating in Denmark ...... — — — — — _— thu 

15 11 12 0.3 0.3 0.3 

A EE 3 1 34 0.1 0.0 0.8 co 

4,022 4,536 5,212 91 103 121 am 

Pemphigus neonatorum 292 267 245 38.03) 34.93) 31.43) 

17 11 32 2.23) 1.43) 4.13) 

28,520 61,110 42,998 642 1,387 999 

54,815 24,715 9,448 1,235 561 220 

17,489 18,935 18,212 394 430 423 

175,616 256,371 210,912 3,956 5,819 4,901 

192,436 197,747 180,157 4,335 4,489 4,186 Un 

117,589 143,343 138,948 2,649 3 254 3,229 

er 41,914 58,477 48,042 944 1,327 1,116 5- 

Lobar pneumonia.............. 4,173 6,283 6,337 108 143 147 15- 

5,223 4,539 6,035 118 103 140 35- 

1,358 1,484 1,945 31 34 45 45- 

3,639 3,899 4,127 82 88 96 55- 

Gonorrhoea, not previously diagnosed ........... 8,129 8,215 8,263 183 186 192 65 

Soft chancre, not previously diagnosed .…......... 7 14 21 0.2 0.3 0.5 ì 

Acquired syphilis, not previously diagnosed .………. 119 114 521 3 3 12 

Congenital syphilis, not previously diagnosed .……. 8 10 18 0.2 0.2 0.4 — 

Lymphogranuloma inguinale .….................. 2 1 6 0.0 0.2 0.1 

5,453 6,653 11,914 123 151 277 
ro 

1) Under one month ?) per 10,000 parturients 5) per 10,000 live-born 


November 1956 


DANISH MEDICAL BULLETIN 225 


in 1954, the largest decrease occurring for in- 
fluenza, measles, acute pulmonary diseases, and 
whooping-cough, while German measles and 
cholerine and enteritis show the largest increase. 
Altogether 70 cases of acute poliomyelitis were 
notified in 1955, of which 24 paralytic cases, as 
against 352 and 72 respectively in 1954. Only 3 
cases of diphtheria were reported, and the num- 
ber of cases of gonorrhoea show a slightly down- 
ward trend after an increase during the vears 
195254. 

The distribution of notifiable diseases accord- 
ing to age, shown in Table 3, indicates that there 
is a decrease in the morbidity for all ages, but 
the age group 65 vears and over show the relative- 
ly largest decrease. 


Table 3 
Notifiable diseases according to age 1955 and 1954 
Reported per 1,000 
e opulation 
Ag cases 1955 55 Pp 1954 
1 ee 39,907 524 649 
€ 159,044 530 653 
208,960 260 300 
15-64 » mates... 152,170 109 127 
15-64 » females..... 153,419 107 127 
65 years and o. males.... 21,978 108 151 
65 years and over 
females 21,545 94 136 


Total . 157,023 171 205 


As shown in Table 1, the crude mortality rate 
was in 1955 8.7 per 1,000 population as against 
9.1 in 1954. It will be seen from Table 4 that 
the age specific mortality rates decreased for 
most age groups, but more heavily for females 
than for males, and also more for the age groups 
under 55 years. The higher mortality for females 
in the ages 25—44 vears which has been observed 
through a number of years has now disappeared 
completely, mainly due to the heavier decrease 
among females in the mortality from tuberculosis. 


Table 4 
Deaths per 1,000 population by age and ser, 
1955 and 1921. 


1955 1921 
M F M. F 

6 1.3 0.7 5.6 4.4 

0.4 0.2 1.7 1.7 

1.0 0.5 29 2.7 
13 10 3.5 3.7 
Pv 2.1 1.7 4.4 54 
P 5.9 4.3 8.7 8.6 
Pv 15.1 10.8 182 17.1 
65 vears and over... 6258 55.1 104 708 
Total. . 9.2 8.2 11.2 112 


The infant mortality rate is steadily decreasing, 
and the decrease has been comparatively larger 
from 1954 to 1955 than during the previous vear, 


the rate being 27.2, 26.8 and 25.2 per 1,000 live- 
born respectively in 1953, 1954 and 1955. 

Table 5 shows the causes of death in 1955 and 
1954 according to the Abbreviated List of the In- 
ternational Classification. Tuberculosis deaths 
have reached a new minimum, the rate being as 
low as 5.1 per 100,000 population in 1955 for 
respiratory tuberculosis and 1.1 for other forms 
of tuberculosis. Also the number of notified cases 
is on a downward trend, 1,547 cases of tuber- 
culosis of the respiratory system or 35 per 100,000 
population being recorded in 1954, as against 
1,764 or 40 per 100,000 in 1953. The rate is, as has 
been the case since 1942, lower for females than 
for males. It must be mentioned that all cases 
notified by physicians are accepted regardless of 
whether the diagnosis is based on demonstration 
of tubercle bacilli or on clinical symptoms only. 
85 per cent of all cases were bacillary cases, how- 
ever. The number of notified cases of extra- 
pulmonary tuberculosis in 1954 was 203 or 5 
per 100,000 population. At the end of 1954 there 
were altogether 14,426 known cases of tubercu- 
losis of the respiratory system in Denmark or 
328 per 100,000 population. The corresponding 
figures for extrapulmonarvyv tuberculosis were 
1,535 and 35 respectively. The cases were distri- 
buted according to age and sex as shown in 
Table 6. 


Table 6 
Known cases of tuberculosis by age and ser, 
December 31st, 1951. 


Extrapulmonary 


Respiratory tuber- 

culosis tuberculosis only 

Males Females Males Females 
0— 4 years... 127 101 1 2 
Bell B „oe 506 435 41 25 
15-24 » 672 1,019 61 66 
3,292 4,106 318 353 
44-64 . 2,004 1,249 231 266 
65 vears and over 547 368 59 106 
Total.. 7,148 1,278 717 818 


There are 102 chest clinics in Denmark in- 
cluding one central clinic in each county. The 
chief physicians at the central clinics are also 
chief physicians of the local tuberculosis hospital. 
In 1954 these clinics gave altogether 1,451,800 
consultations to 862,203 persons and about 50,000 
BCG-vaccinations were made. 

In 1953 a change was made in the reporting 
system of the mental hospitals, and in the proces- 
sing of these reports. A form containing various 
information about each patient is now sent to 
the Institute of Human Genetics at each admis- 
sion to and discharge from the mental hospitals. 
A part of this form is forwarded to the National 
Health Service for further preparation and inter- 
pretation and the results are published partly in 
“Medical Report for the Kingdom of Denmark” 
and partly in a “Report on Mental Hospitals in 


| 
| | 
| 
| | 


DANISH MEDICAL BULLETIN 


Vol 3 no 7 


Table 5. 


Causes of Death in Denmark 1955 and 1954, 
Abbreviated List (B). 


Total per 100.000 pop 
1955 1954 1955 1954 
B 1 Tuberculosis of respiratory system .……......… 227 310 5.1 7.0 
B 2 Tuberculosis, other forms ...............ee.« 51 31 | 0.7 
B 8 and Ms 79 92 1.8 2.1 
B se — — — — 
B 7 Scarlet fever and streptococcal sore throat .... 1 2 0.0 0.0 
B 5 16 0.1 0.4 
B 10 Meningococcal infections .................... 7 7 0.2 0.2 
B 17 All other diseases classified as inf. and parasit. 139 159 3.1 3.6 
B 18 Malign. neoplasms, incl. neoplasms of Iymph. 
and haematopoietic tissues............... 8,462 8,370 190.6 190.0 
B 19 Benign and unspecified neoplasms .…......... 373 374 8.4 8.5 
B 22 Vasc. lesions affect. ‘eenbraê nervous system .. 5,424 5,376 122.2 122.0 
B 23 Nonmeningococcal meningitis ................ 42 40 0.9 0.9 
31 15 0.7 0.3 
B 25 Chronic rheumatic heart disease ............. 301 317 6.8 7.2 
B 26 Arteriosclerotic and degenerative heart disease, 8,928 8,908 201.1 202.0 
1,682 1,552 37.9 35.2 
B 28 Hypertension with heart disease ..........…… 845 944 19.0 21.4 
B 29 Hypertension without mention of heart....... 140 169 3.2 3.8 
101 397 2.3 9.0 
en 842 969 19.0 22.0 
B 33 Ulcer of stomach and duodenum .……......... 264 307 5.9 7.0 
en ere 103 125 2.3 2.8 
B 35 Intestinal obstruction and hernia .…........... 288 294 6.5 6.7 
B 36 Gastritis, duodenitis. enteritis, and colitis, ex- 
cept diarrhoea of the newborn........... 146 183 3.3 4.2 
275 306 6.2 6.9 
B Nephsilis and 246 270 5.5 6.1 
B 39 Hyperplasia of prostate ....................« 534 554 12.0 12.6 
B 40 Complications of pregnancy, childbirth and 
B 41 Congenital malformations ................-.. 416 417 9.4 9.5 
B 42 Birth injuries, postnatal asphyxia and atelec- 
B 43 Infections of the newborn..................« 24 35 0.5 0.8 
B 44 Other diseases peculiar to early infancy, and 
immaturity unqualified.................. 572 613 12.9 13.9 
B 45 Senility without mention of psychosis, ill- 
defined and unknown causes... 447 672 10.1 15.3 
BN 47 Fractures, head injuries and internal injuries 1,618 1,525 36.4 34.6 
ar wende 40 53 0.9 1.2 
BN 50 All other injurtes. 703 667 15.8 15.1 
Total. 38,791 39,885 873.8 905.3 
Alternative classification of deaths from accidents, poisonings and violence 
(BN 47 — BN 50) according to external cause: 
BE 47 Motor vehicle accidents ..............«..«.«« 669 666 15.1 15.1 
BE 49 Suicide and self-inflicted injury .............. 1,036 1,028 23.3 23.3 
BE 50 Homicide and operations of war ............. 24 33 0.5 08 
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Table 7. 


Main diagnosis for patients discharged from the mental hospitals and Dianalund Sanatorium for 
nervous patients 1954. 


Mental hospital 


Main diagnoses 


males females 


hereof : schizophrenic disorders ..…. 363 390 
manic-depressive reaction . 480 976 
Disorders of character, 
behaviour and intelligence .……....... 794 648 
hereof : pathological and immature 
259 zl 


Dianalund Sana- Total Percentage 
torium for 
nervous patients 
males females males females males females 
52 62 1871 2925 57.5 61.6 
— 2 363 392 é 
33 33 513 1009 
99 192 494 1092 15.2 23.0 
8 11 802 659 24.6 13.9 
3 4 284 408 
3 1 262 22 
12 7 88 70 2.7 1.4 


171 272 3255 4746 100.0 100.0 


Denmark”. In Table 7 are given the main results 
of the tabulation of diagnoses for patients dis- 
charged in 1954, showing that 60 per cent of the 
main diagnoses were classified as psychoses, 20 
per cent as neuroses and 18 per cent as disorders 
of character, behaviour and intelligence. There is 
only a slight difference between the sexes as to 
the relative number of psychoses, whereas neu- 
roses are more frequent among females than 
among males and disorders of character, be- 
haviour and intelligence more frequent among 
males. 

By the diagrams is shown a comparison of some 
important features of vital statistics for Denmark 
and 14 other countries. The countries chosen are 
nine with a particularly low infant mortality rate 
besides Finland, Canada, France, Germany, and 
Italy, countries of about the same cultural, if not 
in all cases the same social standard as Denmark. 
The foreign countries are arranged according to 
infant mortality rate, Italy with the highest rate 
being placed last. All figures refer to 1953, the 
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Births and Deaths. 


last vear for which all this information is avail- 
able. It may be seen that Denmark is number 6 
as far as birth rate, mortality rate and infant 
mortality rate goes, but has, as before, the lowest 
tuberculosis mortality rate. 

The percentage distribution of causes of death 
shows that a great change has taken place since 
1921 in this country. It also shows that there is 
a great discrepancy between the countries, the 
percentage dsitribution for France, 1953, e. g., 
being very much like that for Denmark in 1921. 
Furthermore it is seen from the diagram that 
tuberculosis plays a minor role in all these coun- 
tries with Finland as the only exception, and 
the same holds true for other infectious dis- 
eases. Cancer is a major cause of death in all 
these countries, especially in Denmark, Holland, 
Switzerland, and Germany, whereas heart diseases 
is the leading cause of death in U. S. A. and the 
other Anglo-Saxon countries. Deaths from acci- 
dents and suicide are comparatively frequent in 
Denmark, Holland, U. S. A. and Switzerland con- 
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trary to England and Italy. The percentage of 
cases in which the cause of death is unknown or 
ill-defined is particularly great in France, but 
also of rather great importance in Germany, Italv, 
and Norway. 

Also as regards the number of physicians and 
beds in curative institutions, Denmark is number 
6. These figures, however, cannot be compared 
without some reservation, because of the different 
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conditions in the various countries. It should, 
e. g., be noticed that the number of beds includes 
all curative institutions such as mental hospitals, 
private clinics, sanatoria, and convalescent homes. 
This last group is proportionally large in Switzer- 
land and France and is responsible for the high 
number of beds in these countries. It has not been 
possible to get comparative information about 
physicians and hospital beds for South Africa. 
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